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51 Pegasi. 51 Pegasi (Helvetios) is a Sun-like star located 50.6 light years away in the 
constellation Pegasus. It was the first main sequence star found to have an exoplanet. In 
1995, astronomers found the first planet orbiting a sun-like star outside our solar system. 
The planet, 51 Pegasi b (Dimidium), was orbiting its star only 4.8 million miles away, 
orbiting its star in 4 Earth-days at the orbital speed of 300,000 mph. The planet was half 
the mass of Jupiter. The phrase “hot Jupiter” came into parlance to describe planets like 
51 Pegasi b. Over 400 hot Jupiters have been found. In 2017, traces of water were 
discovered in the planet’s atmosphere. [source: Wenz, “What Astronomers Can Learn From 
Hot Jupiters,” Smithsonian Magazine, Oct 11, 2019] 


Accretion Disk. An accretion disk is a very large whirlpool of gas and dust that 
gathers around a star, black hole or neutron star as it pulls in material from a nearby star. 
Accretion disks of young stars radiate in the infrared. For neutron stars and black holes, 
they radiated in the X-ray part of the spectrum. As the disk spins, it whips up powerful 
winds that push and pull on the sprawling rotating plasma. These massive outflows can 
affect the surroundings of black holes by heating and blowing away the gas and dust 
around them. At immense scales, “disk winds” can offer clues to how supermassive black 
holes shape entire galaxies. Astronomers have recently observed a wider swath of winds in 
a system in which a neutron star is drawing matter away from a dun-like star. Its 
accretion disk around Hercules X-1 wobbles as it rotates. [source: MIT, “Scientists map 
gusty winds in a far-off neutron star system,” phys.org, April 10, 2023] 


Active Galactic Nucleus. An active galactic nucleus (AGN) is a compact region at 
the center of a galaxy that has a much higher than normal luminosity across some of the 
electromagnetic spectrum. The luminosity is not produced by stars. The radiation from an 
AGN is theorized to result from the accretion of matter by a supermassive black hole at the 
center of its host galaxy. It may also be a lot of star formation activity at the core of the 
galaxy. There are two types of AGNs. Type 1 AGNs show broad and narrow emission 
lines. Type 2 AGNs show only narrow emission lines. Some AGNs transition between 
different spectral types. They are called changing-look AGNs. One changing-look AGN is 
NGC 7582. The AGN has a short- and long-term X-ray behavior. [source: Nowakowski, 
“Astronomers investigate X-ray spectral variability of active galaxy NGC 7582,” phys.org, Apr 
7, 2023] 


Algol. Algol (Beta Persei) is known as the Demon Star and is a variable star. It is a 
bright, multiple eclipsing three-star system (and two suspected stellar components) in the 
constellation of Perseus. It is one of the first non-nova variable stars to be discovered. It 
consists of a 3.7 solar mass main sequence star in close orbit with a 0.8 solar mass sub-giant 
star, which is very odd. Studies of Algol led to the Algol paradox in the theory of stellar 
evolution: although components of a binary star form at the same time, and massive stars 
evolve much faster than the less massive stars, the more massive component Algol Aal is 


still in the main sequence, but the less massive Algol Aa2 is a subgiant star at a later 
evolutionary stage. [source: McClure, “Algol the Demon Star of Perseus,” EarthSky, Oct 27, 
2022] 


Alnitak. Alnitak is a triple star system in the constellation Orion, 800 light-years away. 
The primary star, Alnitak Aa, is a hot blue supergiant. It is 33 times as massive as the Sun 
and a diameter 20 times greater. It is 21,000 times brighter than the Sun and 500 times 
hotter. It burns 200 million tons of fuel each second. For comparisons, our Sun burns 4 
million tons of fuel per second. It is classified as a type O star (heavy and blue). Only 1 
star in evey 3 million is an O-type star [source: B 


Antares. Antares (Alpha Scorpii) is a red supergiant, the brightest star in the 
constellation Scorpius. It is a variable star and part of a binary system. It is one of the 
largest stars visible to the naked eye. Its mass is 12 times that of the Sun. It is 550 light- 
years away. Its luminosity is 100,000 times more than the Sun. It pumps out 75,900 times 
the energy of our sun. It is much cooler than many other stars, with a surface temperature 
of 6,100 degrees Fahrenheit (the Sun’s surface is 10,000 degrees F). The diameter is 700 
times that of the Sun. If it replaced the sun, it would stretch out to Jupiter. It is in its final 
stages of its life, and then will go supernova. There is a lot of turbulence in the star’s 
atmosphere and it is expelling gases further away thab expected. [source: Sessons et al, 
“Ruby red Antares is the Scorpion’s Heart,” EarthSky, June 26, 2022] 


Anthill Galaxy. The Anthill Galaxy is a massive galaxy 12 billion light-years away. A 
long, cold stream of gas is feeding this galaxy. The stream of gas could keep this galaxy 
supplied with star-forming fuel for a billion years. Astronomers did not expect these 
streams of gas to be so cold. The stream of cold gas stretches at least 325,000 light-years 
away from the galaxy. The stream carries the mass of 70 billion suns and deposits 450 suns 
of cold gas into the galaxy every year. That’s enough to double the galaxy’s mass within a 
billion years. [source: Grossman, “A stream of cold gas is unexpectedly feeding the far-off 
Anthill Galaxy,” Science News, Apr 5, 2023] 


Asymptotic Giant Branch Stars. The asymptotic giant branch (AGB) is a region of 
the Hertzsprung-Russel diagram populated by evolved cool luminous stars. This type of 
low to intermediate-mass star will appear as a bright red-giant with a luminosity of up to 
thousands of times greater than the sun. They are slightly larger and older than our sun, 
and are known producers of interstellar dust. The variable intensity of dusty AGBs 
coincides with variations in the amount of dust these stars produce. This dust can lead to 
the creation of planets. [source: University of Tokyo, “Twinkling stars fuel interstellar dust,” 
phys.org, Apr 6, 2023] 


Aurora. An aurora is a natural light display mostly seen around the Arctic and Antarctic 
regions. Auroras display dynamic patterns of brilliant light that appear as curtains, rays, 
spirals, or flickers covering the entire sky. They are more commonly seen around the 
vernal and autumnal equinoxes, though it is not known why this should be so. Reports 
have described the noises of the auroras for more than a century. In 2012, scientists 


confirmed that the auroras make sound. [source: Robinson, “People terrified after hearing 
noise Aurora Borealis makes,” Unilad, Apr 4, 2023] 


Barred Galxy. A barred spiral galaxy is a spiral galaxy with a central bar-shaped 
structure composed of stars. Bars are found in about 2/3 of all spiral galaxies. The Milky 
Way is a barred spiral galaxy. A few of these bar-sporting galaxies existed so long ago, that 
they are challenging theories for how quickly galaxies evolved. The James Webb Space 
Telescope revealed two galaxies in the distant, early universe (11 billion years ago) that 
have long bars stretching between their spiral arms, a first-of-its-kind find for galaxies so 
young. [source: Parks, “James Webb spots Milky Way look-alikes in the early universe,” 
astronomy.com, Jan 12, 2023] 


Bernardinelli-Bernstein Comet. Comet Bernardinelli-Bernstein (BB) is a large 
Oort cloud comet, first discovered in 2014. It was first spotted when it was 2.7 billion miles 
away, the greatest distance at which a comet has been discovered. It has a nucleus of about 
80 miles across and is the largest Oort cloud comet known. The nucleus is about 50 times 
larger than found at the heart of most known comets [source: “Hubble Confirms Largest 
Comet Nucleus Ever Seen,: www.nasa.gov, April 12, 2022] 


Betelgeuse. Betelgeuse is a red supergiant and one of the largest stars visible to the 
naked eye and in the constellation Orion. It is over 500 light-years away in the 
constellation Orion. In 2019, it suddenly and mysteriously dimmed by a factor of three, It 
was the dimmest it’s been in almost a century. It went from from magnitude 0.5 to 1.7. It 
then returned to a more normal brightness range. A study suggested that occluding dust 
was created by a surface mass-ejection from the star’s surface. This cast material millions 
of miles from the star that then cooled to form the dust that caused the star’s dimming. At 
the same time, the temperature of the star fell by at least 170 kelvins. It will be 1.5 million 
years before Betelgeuse explodes as a supernova. [sources: Gasparini, “Betelgeuse ‘Great 
Dimming’ Mystery Solved by Satellite Photobomb,” Scientific American, June 17, 2022 and 
Drake, “A giant star is acting strange, and astronomers are buzzing,” National Geographic, Dec 
26, 2019] 


Black Hole. The largest black hole ever discovered can fit 30 billion suns. The black 
hole was found in the center of galaxy cluster Abell 1201. It was found using gravitational 
lensing. It was found in an image captured by the Hubble Space Telescope (HST). 
[sources: Pultarova, “The largest black hole,” space.com, Mar 29, 2023 and Nightingale et al, 
“Abell 1201: Detection of an Ultramassive Black Hole in a Strong Gravitation Lens,” Monthly 
Notices of the Royal Astronomical Society, Mar 29, 2023] In 2020, for the first time, 
astronomers watch as a supermassive black hole’s corona, the ultrabright, billion-degree 
ring of high-energy particles that encircles a black hole’s event horizon, was abruptly 
destroyed. A colliding star may have triggered the drastic transformation on the black 
hole, 100 million light-years away. The star may have ricocheted through the black hole’s 
disk of swirling material, causing everything in the vicinity, including the corona’s high- 
energy particles, to suddenly plummet into the black hole. [source: Chu, “Astronomers 
watch a black hole’s corona disappear, the reappear,” MIT News, July 15, 2020] In 2023, the 


HST discovered a runaway black hole while observing the dwarf galaxy RCP 28. It was 
the first observational evidence that supermassive black holes can be ejected from their 
host galaxies. [source: Lea, “’ Runaway’ black hole the size of 20 million suns caught speeding 
through space with a trail of newborn stars behind it,” Live Science, April 8, 2023] 


Blazar. A blazar is a galaxy with an active galactic nucleus (AGN — black hole) with 

a relativistic jet (a jet composed of ionized matter traveling at nearly the speed of light) 
directed very nearly towards an observer. The jet makes blazars appear much brighter 
than they would be if the jet were pointed in a direction away from Earth. A galaxy named 
PBC J2339.9-2343 is a giant radio galaxy that has a blazer in its core. The blazar is 656 
million light-years away. [source: Musto, “Black hole jet from newly-classified galaxy changes 
direction toward Earth,” Fox News: Astronomy, Apr 1, 2023] 


BOAT. BOAT is the acronym for Brightest of All Time. It refers to the brightest gamma- 
ray burst ever detected, which occurred in 2022. It originated in a galaxy behind the Milky 
Way and was powerful enough to disturb the upper layer of Earth’s atmosphere. The new 
burst, officially named GRB 221009A, was probably triggered by a supernova giving birth 
to a black hole in a galaxy about 2 billion light-years from Earth. [source: Grossman, “Meet 
the BOAT, the brightest gamma-ray burst of all time,” ScienceNews, Ovt 28, 2022] 


Boomerang Nebula. The Boomerang Nebula is a protoplanetary nebula located 5,000 
light-years away in the constellation Centaurus. It is the coldest region of space. Its 
temperature is 1 Kelvin, or -457 degrees Fahrenheit (-272 degrees Celsius). The nebula is 
composed of gas being expelled by a dying star at its heart. The winds driving away the gas 
is blowing at 310,000 mph. [source: European Space Agency, “The Boomerang Nebula — the 
coolest place in the Universe?,” esahubble.org, Feb 20, 2003] 


Brahe, Tycho. Tycho Brahe (1546-1601) was one of the oddest scientists in history. At 
age 20, he lost part of his nose in a drunken sword duel against his cousin, and replaced it 
with a metal prosthesis. He died because he was too polite to leave the dinner table to use 
the bathroom and developed a bladder or kidney ailment. He obsessively charted the 
positions of every visible heavenly body. He believed that the Earth, not the Sun, was the 
center of the universe, despite all the data he collected to prove otherwise. He was the last 
major astronomer before the invention of the telescope. 


BRI 1335-0417. BRI 1335-0417 is the oldest and furthest known spiral galaxy in the 
known universe. It is located in the Virgo constellation. It has a redshift of 4.4, meaning its 
light took 12.4 billion years to reach Earth. It was discovered in May 2021. Astronomers 
have discovered a seismic wave forming, which is a first in this type of early galaxy. 

[source: Science Daily, Dec 21, 2023] 


Brightest Cluster Galaxy. A brightest cluster galaxy (BCG) is defined as the 
brightest galaxy in a cluster of galaxies. BCGs include the most massive galaxies in the 
universe. Galaxy clusters can contain hundreds to thousands of individual galaxies, bound 
together by gravity and surrounded by dark matter and gas. At the center of these galaxy 


clusters are the BCGs. Galaxy clusters funnel new material on the BCGs. This means that 
BCGs grow very large. BCGs have been observed to actively grow new stars. The cluster 
seems to be feeding free-floating gas, known as Intracluster Medium (ICM) to the BCG in 
the middle of the cluster galaxy. The flow of cool ICM onto the BCG is known as a ‘cooling 
flow.’ The cluster known as SPT2215 is the most distant and earliest BCG found. It was 
formed 5.3 billion years after the Big Bang. [source: Dunne, “The Most Distant Cooling-Flow 
Galaxy Cluster Yet Observed,” Astrobites, Apr 3, 2023] 


Brown Dwarfs. Brown dwarfs (also called failed stars) are substellar objects that are 
not massive enough to sustain nuclear fusion in their cores. They can be 13 to 80 times the 
size of Jupiter. The Milky Way has 1 brown dwarf for every 6 normal stars. The Milky 
Way galaxy contains about 100 billion brown dwarfs. Brown dwarfs were theorized in the 
1960s, but not until 1988 and the mid-1990s that they were first discovered. In 1975, Jill 
Tarter coined the term “brown dwarf.” The nearest known brown dwarf, in the Luhman 
16 system, is 6.5 light-years away. [source: Eicher, “How Many Brown Dwarfs Exist?,” 
Astronomy, July 1, 2019] One subclass of brown dwarfs, with temperatures lower than 500 
Kelvin, is known as Y dwarfs. They represent the coolest and least luminous substellar 
objects so far detected. Using the Near Infrared Camera on the James Webb Space 
Telescope, astronomers have discovered the first known binary system of two Y-type 
brown dwarfs. They are located 32.7 light-years away in the constellation Eridarius. 
[source: Nowakowski, “First Y brown dwarf binary system discovered,” phys.org, April 10, 
2023] 


Butterfly Nebula. The Butterfly Nebula (NGC 6302) is a bipolar nebula in the 
constellation Scorpius. The structure in the nebula is among the most complex ever 
observed in planetary nebula. Astronomers believe the winged shape is created from a 
gravitational tug of a second star orbiting the nebula’s “parent” star, causing the material 
to expand into nebular lobes or “wings.” Powerful winds caused huge changes in the 
material within the wings. What’s unclear is how this change is possible from a star with 
no remaining fuel. Its central star is one of the hottest stars known, with a surface 
temperature over 250,000 degrees Celsius. [source: Solis-Moreira, “Butterfly Nebula’s wings 
creating a space mystery,” studyfinds.org, Jan 19, 2023] 


Callisto. Callisto is a moon of Jupiter. Its surface is the oldest and most heavily cratered 
object in the Solar System. Callisto’s surface is completely covered in craters. It may have 
an ocean 100 km beneath its surface It has hydrogen molecules in its atmosphere. The 
atmosphere was not created by surface water as previously believed. [source: Maattanen & 
Sanchez-Cano, “ Callisto’s H Corona: Offspring of the Surface or the Atmosphere?,” eos.org, 
Dec 7, 2022] 


Cassiopeia. Cassiopeia is a constellation in the northern sky. There are two supernova 
remnants in Cassiopeia. The first, Cassiopeia A (Cas A) is the result of a stellar explosion 
that happened 340 years ago. It is the youngest known supernova remnant in our galaxy. 
The supernova remnant is located about 11,000 light-years away. The remnant itself takes 
up 10 light-years of space. This remnant has the distinction of being the strongest radio 
source observable outside the Solar System. The shell of matter is moving 2,599 miles per 


second. [source: Ravita, “James Webb telescope reveals ‘green monster; in the heart of a 
massive supernova remnant, Newsradio KRLD, Apr 11, 2023] 


cD Galaxy. The type-cD galaxy is a giant elliptical galaxy, characterized by a large halo 
of stars. They can be found near the center of some galaxy clusters. The “c” in “cD” refers 
to very large galaxies. The “D” refers to the fact that the galaxies appear diffuse. They are 
frequently considered the largest galaxies. The cD galaxies likely grow by consuming 
smaller galaxies. It is not unusual to have cD galaxies have multiple nuclei. Some cD 
galaxies have envelopes over one million light-years in radius. It is currently thought that 
CD galaxies are the result of galaxy mergers. [source: Seigar et al, “Intracluster light and the 
extended stellar envelopes of cD galaxies,: Monthly Notices of the Royal Astronomical Society, 
July 2007] 


Cepheid Variable. A Cepheid variable is a type of variable star that pulsates radially, 
varying in both diameter and temperature. It changes in brightness, with a well-defined 
stable period and amplitude. Cepheids are important cosmic benchmarks for 

scaling galactic and extragalactic distances. A strong direct relationship exists between a 
Cepheid variable's luminosity and its pulsation period. This tells one the distance to the 
star by comparing its known luminosity to its observed brightness. Cepheids literally 
pulse: get bigger and then smaller in size. As they expand and contract, their brightness 
changes. 


Cerberus Fossae. The Cerberus Fossae are a series of semi=parallel fissures on Mars. 
They were formed by faults which pulled the crust apart in the Cerberus region. The 
formation of the fossaw released pressurized underground water. The Cerberus Fossae 
area has been positively identified as the first tectonically active region on Mars. The 
InSight mission has enabled the investigation of tectonics on the surface of another planet 
for the first time. Seismicity is mostly originating from one source, the Cerberus Fossae. 
[source: Stahler et al, “Tectonics of Cerberus Fossae unveiled by marsquakes,” Nature, Oct 27, 
2022] 


Ceres. Ceres is a dwarf planet in the asteroid belt between Mars and Jupiter. It was the 
first asteroid discovered in 1801. In 2014, emissions of water vapor were detected, creating 
a transient atmosphere known as an exosphere. A quarter of Ceres; mass might be water 
ice. It has been hypothesized that Ceres had a earlier ocean that was lost to space. [source: 
Raymond, “The Dwarf Planet on Our Doorstep,” Nautilus, March 21, 2023] 


Chariklo. 10199 Chariklo is an asteroid the orbits the Sun between Saturn and Uranus. 
In 2014, it was discovered that this asteroid has two rings around itself. It is the first minor 
planet known to have rings. They were most likely formed after a collision that scattered 
debris around the asteroid. The asteroid is 155 miles in diameter. [source: Carter, 
“Welcome To Chariklo, A Ringed World In The Solar System Just Examined By The Webb 
Telescope,” Forbes, Jan 25, 2023] 


Churyumov - Gerasimenko. 67P/Churyumov — Gerasimenko is a Jupiter-family 
comet, originally from the Kuiper belt. It has a orbital period of 6.45 years. It is about 2.7 
miles long. The Rosetta spacecraft mission orbited the comet in September 2014. Rosetta’s 
lander, Philae, landed on the comet in November 2014, becoming the first spacecraft to 
land on a comet nucleus. It found that the comet has ice that’s fluffier than freshly falle 
snow. The ice was more like cotton candy or fresh alpine powder. A number of collapsing 
cliffs have been observed. [source: Boyle, “Spacecraft’s Tumbling Landing Reveals Some of 
Comet’s Surface is Like Cappuccino Foam,” Inside Science, Oct 28, 2020] 


Clumping. Research indicates star-forming clumps start as giant, dense areas in 
turbulen gas-rich matter in young galaxies, live about 500 million years, and may migrated 
to the center of a galaxy, creating the central bulge of a galaxy. After the Big Bang created 
all the matter in the universe, the matter then spread outward, cooling and clumping as it 
goes. Recent findings indicate that matter is not as “clumpy” as expected based on the 
current best model of the universe. Young star-forming clumps in deep space have been 
spotted for the first time. [source: Lerner, “Scientists release newly accurate map of all the 
matter in the universe,” University of Chicago News, Jan 31, 2023] 


Compact Ellipticals. Compact elliptical (cEs) are galaxies characterized by unusually 
high surface brightness for their luminosity. The formation of these low-mass, but metal- 
rich and compact galaxies has been a long-standing puzzle. Compact elliptical are very 
rare and only a handful are known. [source: “The Formation of Compact elliptical Galaxies in 
the Vicinity of a Massive Galaxy,” The Astrophysical Journal, April 16, 2019] 


Corona. The corona, the sun’s outer atmosphere, is hotter than the sun’s surface and 
hotter than expected. It can be heated up to 10.8 million degrees Fahrenheit, whereas the 
sun’s surface is only 10,000 degrees Fahrenheit. For over a century, solar physicists have 
been mystified by the sun’s ability to reheat the corona. The mechanics of coronal heating 
are currently unknown. It may be related to processes in the sun’s magnetic field. The 
lowest layer of the sun’s atmosphere is called the photosphere, which is about 300 miles 
thick. The sun’s equatorial regions rotated in about 24 days, while the polar regions are 
slower and take more than 30 days to make a complete rotation. [source: Sharp, 
“Atmosphere of the Sun: Photosphere, Chromosphere & Corona,” space.com, Nov 2, 2017] 


COS-87259. COS-87259 is an early galaxy that is forming stars at a rate 1,000 times 
that of our Milky Way. It contains more than a billion solar masses worth of interstellar 
dust. There is a quick-growing black hole at the center of this galaxy. The black hole is a 
new kind of primordial type that is densely covered in cosmic “dust,” which causes almost 
all of its light to be released in the mid-infrared region of the electromagnetic spectrum. 
[source: Chattaraj, “Researchers Found a Quick-growing Black Hole at the Centre of COS- 
87259 Galaxy,” Transcontinental Times, Feb 26, 2023] 


Cosmic Dust. Cosmic dust is dust that occurs in outer space. They are usually a few 
molecules in size. A pair of stars in our galaxy is revealing how light pushed around 


matter. It’s the first time anyone has directly seen how the pressure of light from stars 
changes the flow of dust in space. The finding could help researchers understand how light 
sculpts matter throughout the cosmos. Such radiation pressure influences how cosmic 
dust clears from the regions near young stars and guides the formation of gas clouds 
around dying stars. The dust pattern surrounding a stellar pair 5,600 light-years away in 
the Cygnus constellation is providing an opportunity to observe the effect in action. The 
dust emerging from the star WR 140 and its companion is formed by gas from these two 
stars colliding and condensing into soot. The dust is accelerating as it travels away from 
the starts. The force accelerating the dust is the pressure exerted by light radiated from 
the stars. [source: Riordon, “For the first time, astronomers saw dust in space being pushed by 
starlight,” Science News, Oct 18, 2022] 


Cosmic Rays. Cosmic rays are high-energy clusters of particles (primarily protons) that 
move through space at nearly the speed of light. Cosmic rays were discovered by Victor Hess 
(1883-1964) in 1912 in ballon experiments, for which he was awarded the 1936 Nobel Prize in 
Physics. In 1954, the first measurements of high-energy cosmic rays was done via sampling of 
extended air showers, 


Cosmic Web. The cosmic web is composed of massive filaments of galaxies and gas 
separated by giant voids. It is the structure of the universe. In 2020, analysis of fast radio 
bursts (FRBs) revealed that the cosmic web actually contains more than half of the normal 
matter in the universe — which astronomers had previously thought were “missing.” The 
cosmic web of matter between galaxies is a very hot diffuse gas and almost invisible. This 
cosmic web matter slows down fast FRBs as they pass through it. [source: Shannon, “We 
traced a powerful radio signal to the most distant source yer — a galaxy billions of lightyears 
away,” The Conversation, Oct 19, 2023] 


Cosmological Constant. The cosmological constant is the energy density of space, or 
vacuum energy. The Cosmological constant (which controls the expansion speed of the 
universe) refers to the balance of the attractive force of gravity with a hypothesized repulsive 
force of space observable only at very large size scales. It must be very close to zero, that is, 
these two forces must be nearly perfectly balanced. To get the right balance, the cosmological 
constant must be fine-tuned to something like 1 part in 10!”°. If it were just slightly more 
positive, the universe would fly apart. If it were slightly negative, and the universe would 
collapse. It is closely associated with the concept of dark energy. Around 68% of the mass- 
energy density of the universe can be attributed to dark energy. The cosmological constant is the 
simplest possible explanation for dark energy. The cosmological constant problem is the 
disagreement between the observed values of vacuum energy density (the small value of 

the cosmological constant) and theoretical large value of zero-point energy suggested 

by quantum field theory. the quantum vacuum energy contribution to the effective cosmological 
constant is calculated to be between 50 and as much as 120 orders of magnitude greater than 
observed, a state of affairs described by physicists as "the largest discrepancy between theory 
and experiment in all of science" and "the worst theoretical prediction in the history of physics.” 
[source: Petterson, “An initial survey of the “four fundamental forces” and the “cosmological constant,” 
patheos.com, Jan 23, 2023] 


Cow, The. SN 2018cow, also known as “The Cow,” is a very powerful astronomical 
explosion. It is the flattest explosion ever detected, flat as a pancake, rather than a sphere. 
It is about 100 times brighter than a normal supernova. It is the first example of a rare 
phenomenon called a fast blue optical transient (FBOT). The shape of the blast is around 
the size of the solar system and occurred 180 million light-years away. [source: Lea, 
“Extremely flat cosmic explosion dubbed ‘the Cow’ defies explanation,” space.com, April 3, 
2023] 


Dactyl. Dactyl is a moon less than a mile in diameter (4,600 feet) and is the natural 
satellite or moon of asteroid Ida (243 Ida). Dactyl was discovered by mission member Ann 
Harch in images returned from the Galileo spacecraft. Before this, scientists had no 
evidence that asteroids could have moons. Since this discovery, 24 more moons have been 
found to orbit asteroids. The moon is named after the Dactyls, creatures which inhabited 
Mount Ida in Greek mythology. [sources: “Ida and Dactyl,” solarviews.com and Beatty, “Ida 
& Company, Sky & Telescope, Jan 1995] 


Dark Energy. Dark energy is an unknown form of energy that affects the universe on 
the largest scales. It is the dominating form of energy in the universe, and is driving the 
acceleration expansion of the universe. Its nature remains a complete mystery. The first 
observational evidence for its existence came from measurements of supernovas, which 
showed that the universe does not expand at a constant rate; rather, the universe's 
expansion is accelerating. [source: Lea, “What is dark energy?,” space.com, Nov 24, 2022] 


Dark Matter. For the first time, scientists may have discovered indirect evidence that 
large amounts of invisible dark matter surround black holes. Dark matter makes up 
around 85% of all matter in the universe. Dark matter doesn’t interact with light and 
cannot be seen. However, dark matter does interact gravitationally. Astronomers watched 
the orbits of two stars being decayed or slightly slowed wile move around their companion 
black holes. The slow-down may be the result of dark matter surrounding the black holes 
which generated significant friction and a drag on the starts as the whipped around the 
black holes. [source: Lea, “Black holes may be swallowing invisible matter that slows the 
movement of stars,” space.com, Mar 28, 2023] 


Didymos. 65803 Didymos is a sub-kilometer asteroid and binary system with a small 
160-meter minor-planet moon, named Dimorphos. Dimorphos was the target of the DART 
mission to test the viability of asteroid impact avoidance by collision with a spacecraft. 

New research indicates that Didymos is spewing rocks into space with every rotation. It is 
spinning so fast that it is releasing a stream of rubble into space around it. This raises new 
questions about the solidity of asteroids. [source: Hawkins, “NASA found a massive asteroid 
that’s shooting rocks into space,” yahoo.com, Apr 8, 2023] 


Dispersion. A Fast Radio Burst (FRB) simultaneously generates both high frequency 
radio waves (the equivalent of blue light) and low frequency radio waves (the equivalent of 
red light), the different colors of radio waves might be expected to arrive at a telescope at 
the same time. But that’s not what happens. As an FRB passes through gas, it slows down — 


more so for the high frequencies than the low frequencies. The result is a delay between the 
different frequencies or colors reaching our telescope, effectively smearing the radio 
burst’s signal out in time. Astronomers call this smearing “dispersion” and are able to use 
it as a tool to detect otherwise invisible gas throughout the cosmos. Astronomers use the 
dispersion method to measure how much gas is present in the Milky Way’s halo — an 
“atmosphere” of the Milky Way that extends outwards by around a half a million light- 
years in all directions. From this method, astronomers discovered that the Milky Way halo 
contains much less gas than previous models had predicted. [source: MacSween, “Fast radio 
bursts used as ‘searchlights’ to detect gas in Milky Way,” University of Toronto News, Mar 30, 
2223] 


Earendel. Earendel (WHK017-LS) is the earliest and most distant star astronomers 
have observed. It is in the constellation Cetus and was discovered on March 30, 2022, by 
the Hubble Space Telescope. It is 28 billion light-years away using commoving distances. 
Comoving distances factors out the expansion of the universe, giving a distance that does 
not change in time due to the expansion of space. The star was detectable due to 
gravitational lensing caused by a massive galaxy cluster between it and the Earth. [source: 
“A highly magnified star at redshift 6.2,” Nature, Mar 31, 2022] 


EBLM J0555-57. EBLM J0555-57 is a triple star system approximately 670 light-years 
from Earth in the constellation Pictor. EBLM J0555-57Ab, the smallest star in the system 
and the smallest star ever found, orbits its primary star with a period of 7.8 days, with a 
mass sufficient to barely enable the fusion of hydrogen in its core. EBLM J0555-57Ab is 
about the size of Saturn and a mass of 85 times the mass of Jupiter. [Byrd, “Astronomers 
find the smallest star yet,” EarthSky, July 12, 2017] 


Enceladus. Enceladus is one of 83 moons of Saturn, about 310 miles in diameter. It is 
mostly covered by fresh, clean ice, making it the whitest and most reflective body in the 
Solar System. It is known for spraying out tiny icy silica particles. The particles are a key 
component of the second outermost ring (the E-ring) around Saturn. The surface 
temperature reaches -198 degrees Celsius, far colder than a light-absorbing body would be. 
Over 100 geysers have been identified on this moon. It shoots out 440 pounds of ice per 
second. [source: University of California — Los Angeles, Feb 23, 2023] In some places, the 
snow is 700 meters deep. The snow depth suggests that this moon’s plume may have been 
more active in the past. [source: Grossman, “Enceladus is blanketed in a thick layer of snow,” 
Science News, Jan 13 2023] 


Eta Carinae. Eta Carinae is a stellar system containing at least 2 stars. Their combined 
luminosity (radiated power) is more than 5 million times that of the Sun. The primary star 
was 250 times the mass of the Sun, but it has lost at least 30 solar masses recently and is 
expected to explode as a supernova. It is the only star known to produce ultraviolet laser 
emission. The second star is about 80 times as massive as the Sun. 130 years ago, the 
primary star exploded, but kept the star intact. The original explosion created a huge 10- 
solar-mass cloud that expanded at more than 20 million miles per hour — fast enough to 
travel from Earth to Pluto in a few days. [source: “Astronomers stunned again by Eta Carinae 
— the star that will not die,” Astronomy Now, Aug 3, 2018] 


Equinox. The term equinox is derived from two Latin words — aequus (equal) and nox 
(night). An equinox is commonly regarded as the instant of time when the plane of Earth’s 
equator passes through the center of the Sun. The equinox is the time of balance, with 
theoretically 12 hours of sunshine and 12 hours of non-sun. In practice, it is not exactly 
equal. There is actually more day than night on the day of an equinox. That’s because 
Earth’s atmosphere bends (refracts) sunlight upward. Also, the Sun is not a single point of 
light, but a large disk. Together, these factors add more daylight to the equinox. The real 
date of sunlight equality is 3 to 4 days ahead of the equinox. [source: “What is an equinox, 
and why does it happen?” National Geographic, March 19, 2020] 


Eris. Eris (136199 Eris or 2003 UB313) is the most massive and second-largest dwarf 
planet in the Solar System. It is 1,445 miles in diameter and 8.95 billion miles away. Its 
rotation is constrained by its large moon Dysnomia. Eris is tidally locked in a mutual 
dance with its only moon, which orbits Eris every 15.78 Earth days. [source: “Demon 
goddess moon takes control of a planet,” Nature, Jan 10, 2023] 


Europa. Europa is the smallest of the four Galilean moons orbiting Jupiter. It has the 
smoothest surface of any known solid object in the Solar system. Europa is slightly smaller 
than Earth’s moon. It has a water-ice crust. It has a very thin atmosphere, composed 
primarily of oxygen. The icy shell of Europa rotates at a different rate than its interior. 
Europa has an internal ocean under its icy outer shell. It is an enormous body of salty 
water swirling around Europa’s rocky interior. [source: “Study Finds Ocean Currents May 
Affect Rotation of Europa’s Icy Crust,” Jet Propulsion Laboratory, March 13, 2023] 


Exoplanet. An exoplanet or extrasolar planet is a planet outside the Solar System. As of 
March 2023, there have been over 5,000 confirmed exoplanets in over 3,100 star systems, 
with over 700 systems having more than one planet. More than 80% of confirmed 
exoplanets have orbits shorter than 50 days.The methods used to detect an exoplanet 
include transit photometry, radio velocity method, Doppler spectroscopy, and gravitational 
microlensing. The least massive planet, named Draugr, is about twice the mass of the 
moon. The most massive planet, named HR 2562, is about 30 times the mass of Jupiter. In 
1988, the first suspected scientific detection of an exoplanet occurred. In 1992, the first 
confirmation of detection occurred, with an exoplanet revolving around a pulsar. In 1995, 
the first confirmation of an exoplanet orbiting a main-sequence star occurred. This was 
detected by Michel Mayor and Didier Queloz of the University of Geneva. The two shared 
the 2019 Nobel Prize in Physics with James Peebles who contributed theoretical discoveries 
in physical cosmology. In 2019, an earth-sized planet was found in the habitable zone of a 
nearby star. It was discovered from data from the Transiting Exoplanet Survey Satellite 
(TESS). [source: Kopparapu, “Earth-Sized Planet Found in the Habitable Zone of a Nearby 
Star,” Live Science, Jan 7, 2020] 


Faint Blue Galaxy. A faint blue galaxy (FBG) is a small galaxy with low surface 
luminosity. They have sparsely scattered blue stars, and very little red stars, which are the 
most common type of star in most galaxies. They have no structure or shape. They are 


considered as small dwarf-irregular satellite-galaxies undergoing a burst of star formation. 
In 2016, an FBG called Leoncino (AGC 198691) was discovered 30 million light-years 
away. Astronomers found surprisingly few heavy chemical elements inside this galaxy. 
Leoncino has the fewest metals of any observed gravitationally bound star system. [source: 
Hays, “Faint blue galaxy could possess Big Bang clues,” UPI, May 12,2016] 


Fast Radio Burst. In radio astronomy, a fast radio burst (FRB) is a transient radio 
pulse that lasts about a fraction of a millisecond. It is one of the oddest puzzles of modern 
astronomy. Over 100 FRBs have been discovered. The first FRB was discovered in 2007 
by Duncan Lorimer and his student David Narkevic. FRBs are rare, extremely bright 
flashed of light with radio wavelengths. Their origin seems outside our Milky Way Galaxy. 
They seem to come from regions with strong magnetic fields. It is cause by some high- 
energy astrophysical process not yet understood. In 2020, for the first time, an FRB was 
found to be repeating, in a regular 16.35-day cycle. The discovery was made by Dongzi Li, 
an astrophysicist at the University of Toronto, using the Canadian Hydrogen Intensity 
Mapping Experiment (CHIME) radio telescope in British Columbia. [source: “Periodic 
activity from a fast radio burst source,” arXiv.org, Jan 28, 2020] Recently, observations of a 
Galactic fast radio burst from inside the Milky Way suggested that FRBs originate from 
magnetars, a type of neutron star with an incredibly powerful magnetic field. However, the 
origin of cosmological FRBs, which are observed at a massive distance from Earth, remains 
unknown. It may be that bursts come from a binary system featuring a magnetar and a 
star that’s larger and rotates faster than the Sun. [source: Young, “Astronomers deduce the 
origins of a fast radio burst based on 2,000 burst observations,” Interesting Engineering, Sep 23, 
2022] 


FBOT. FBOT is an acronym for fast blue optical transient. It is also known as LFBOT, 
luminous fast blue optical transient. This is an explosive transient event similar to 
supernovae and gamma-ray bursts with high optical luminosity, rapid evolution, and blue 
emission. The first one discovered was in 2018, called “The Cow.” In 2022, another one 
was discovered and was called the “Tasmanian Devil.” This FBOT exploded at leat 14 
times. Astronomers think these explosive flares are a special kinf of supernova, but they 
could also be stars ripped apart in an intense gravitational field surrounding a neutron star 
or black hole. [source: Young, “Astronomers Find a Brillian Explsion That Just Keeps on 
Exploding,” Sky & Telescope, Nov 21, 2023] 


FRB 121102. Fast radio burst FRB 121102 constantly emits weaker radio waves 
between bursts. The FRB, discovered in 2012, is in a dwarf galaxy 3 billion light-years 
away. Its combination of repeating bursts, and persistent radio emission between bursts, 
coming from a compact region, sets it apart from all other known FRBs. The FRB may be 
emitted ba a magnetar, where a beam of radiation crosses our line of sight. The Rotation 
Measure (RM) is 500 times higher than any other FRB. [source: Kitanovska, “Radio Signals 
Detected Coming From Dead Star Nearly 3 Billion Light-Years Away,” Newsweek, June 8, 
2022] 


FRB 20220912A. Fast radio burst FRB 20220912A has had 35 mysterious flashed of 
radio waves from space that seem to show decreasing frequency that has never been seen 


before. The FRB was discovered in Fall 2022 and remained active for several months. 
[source: Crane, “Radio bursts from space are exhibiting a strange ‘sad trombone’ effect.” 
NewScientist, Dec 28, 2023] 


Gaia 17bbb. The star Gaia 17bbb has been gradually increasing in luminosity over a 
2.5 year period. This is an unusually brightening star that has been behaving strangely. 
From observations, the star has a strange companion responsible for the phenomenon, and 
not from the star. The star is part of an exceptionally rare type of binary system between 
Gaia17bbb, a large, puffy older star, and a small companion star that is surrounded by an 
expansive disk of dusty material. They orbit each other over an exceptionally long period 
of time — as much as 1,000 years. [source: Strickland, “Unusually brightening star captures 
attention as a stellar oddity,” cnn.com, Jan 12, 2023] 


Gaia BH1 and Gaia BH2. Two new black holes, Gaia BH1 and Gaia Bh2 are the 
closest ones to Earth known. Gaia BH1 is 1,560 light-years away in the constellation 
Ophiuchus. Gaia BH2 is 3,800 light-years away in the constellation Centaurus. Both are 
orbited by stars at uch greater distances than has been previously observed in other black 
hole-companion star pairings. [Lea, “2 newfound black holes are the closest ever to Earth and 
like nothing seen before,” space.com, April 4, 2023] 


Galactic Disc. A galactic disc is a component of disc galaxies, such as spiral galaxies 
and lenticular galaxies. Galactic discs consist of a stellar component (composed of most of 
the galaxy’s stars) and a gaseous component (cool gas and dust). The density of stars is 
very high near the center of the galaxy and decreases as we go outward along the galactic 
disc. Our Milky Way galaxy has a rotating warped galactic disc. 


Galactic Wind. A galactic wind is a high velocity stellar wind emanating from massive 
stars that have exploded or black holes. They are normally observed in starburst galaxies. 
The resulting effect is a massive gust of rapidly expanding super-heated gases that can span 
the length of a galaxy. The winds cause an outflow of gases and other materiel into the 
halo of a galaxy. It helps spreading metals around a galaxy. Superwinds are theorized to 
form in compact starburst galaxies in which star growth is much higher than in other types 
of galaxies. A new study shows the effects of galactic winds from the center of NGC 253, 
located 11.4 million light-years from Earth. This galactic wind is composed of gas with 
temperatures of millions of degrees that glows in X-rays. An amount of hot gas equivalent 
to two million Earth masses blows away from the galaxy’s center every year. [source: 
Cowing, “Chandra Determines What Makes a Galaxy’s Wind Blow,” Space Ref, Apr 4, 2023] 
Scientists have revealed the existence of galactic winds in galaxies more than 7 billion years 
old and actively forming stars. [source: “Stellar winds regulate growth of galaxies,” 
ScienceDaily, Dec 6, 2023] 


Gamma-ray Burst. Gamma-ray bursts (GRBs) are the strongest and brightest 
electromagnetic events (explosions) known to occur in the universe. They are extremely 
energetic explosions that can last from 10 milliseconds to several hours. GRBs are thought 
to be released during a supernova (exploding star) and the formation of a black hole. The 


release of energy in a few seconds of an exploding supernova is roughly equal to that 
produced by the sun in its entire 10-billion-year lifetime. The short burst GRBs appear to 
originate from the merger of binary neutron stars. The first GRB was accidently 
discovered in 1967, when an Air Force satellite called Vela spotted one. Vela was designed 
to watch for nuclear explosions on earth, but ended up finding gamma-rays coming from 
beyond the solar system (about 3 billion light-years away).[source: Mann, “What Is a 
Gamma-Ray Burst?” space.com, Jan 15, 2020] On October 9, 2022, the brightest GRB ever 
observed, GRB 221009A, swept through our solar system. The gamma-ray emission lasted 
over 300 seconds. Astronomers think this was a birth cry of a black hole. [source: Harvard- 
Smithsonian Center for Astrophysics, Mar 28, 2023] 


Ganymede. Ganymede is a moon of Jupiter and the largest moon in the Solar system. 
It is the only moon to have a magnetic field. The snapping and reconnecting of 
Ganymede’s magnetic field with Jupiter’s creates magnetospheric fireworks. It has an 
internal ocean that may contain more water than all of Earth’s oceans combined. [source: 
Southwest Research Institute, “Scientists find evidence for magnetic reconnection between 
Ganymede and Jupiter,” phys.org, Jan 10, 2023] 


Giant Arc. The Giant Arc is a large-scale structure of galaxies, galactic clusters, gas, and 
dust that spans 3.3 billion light-years (the width of the observable universe is 94 billion 
light-years). It is 9.3 billion miles away. The discovery of giant superclusters of galaxies 
are challenging our very understanding of the Universe. The arc may have been formed 
due to something in the natural physics of the Universe that we currently don’t account for. 
[source: Fox-Skelly, “The giant arcs that may dwarf everything in the cosmos, BBC, March 
2023] 


GLASS-z12. GLASS-z12 is a Lyman-break galaxy discovered in July 2022. It is one of 
the earliest and most distant galaxies ever discovered, dating back to just 350 million years 
after the Big Bang. It existed around 13.5 billion years ago. It has a redshift of z-12.4. 
[source: Lea, “The most extreme celestial objects in the universe,” astronomy.com, Oct 10, 2022] 


Globular Clusters. Large groupings of tightly packed stars are called globular 
clusters. There are more than 150 globular clusters in the Milky Way galaxy. These 
clusters contain 100,000 to 1 million stars. Inside the globular clusters can be found the 
oldest known stars in the Milky Way. Also found in these groups are the unusual blue star 
stragglers. These stars are hot, young stars that are large and bright. No one knows how 
globular clusters formed. [source: Briggs & Voices, “What is a globular cluster?,” EarthSky, 
Aug 14, 2022] 


Gran Telescopio Cararias. Gran Telescopio Cararias (GTC) is the world’s largest 
telescope that measures over 34 feet (410 inches) across. It is located on the island of La 
Palma in the Canary Islands of Spain. It took over 1,000 people from over 100 countries 
and 22 years to complete. Scientific observations began in July 2009. [source: Moreno, 
“Huge telescope opens in Spain’s Canary Islands,” phys.org, July 24, 2009] 


Gravitational Lensing. A gravitational lens is a distribution of matter (such as 

a cluster of galaxies) between a distant light source and an observer that is capable of 
bending the light from the source as the light travels toward the observer. This effect is 
known as gravitational lensing. Gravitational lensing is a literal warping of spacetime. It 
also has a magnifying effect, which makes it helpful for astronomers studying distant 
galaxies that may otherwise be too difficult to spot. Gravitational lensing has allowed the 
James Webb Space Telescope see galaxy clusters around 6.3 billion light-years away. 
[source: Getahun, “New James Webb telescope photo of a galaxy cluster 6 billion light years 
away shows a trippy phenomenon where gravity warps spacetime,” businessinsider.com, April 2, 
2023] 


Gravitational Wave. Gravitational waves are waves of the intensity of gravity 
generated by the accelerated masses of an orbital binary system that propagate as waves 
outward from their source at the speed of light. The first indirect evidence of gravitational 
waves came in 1974 from the observed orbital decay of a neutron star and a pulsar. In 
2015, the first direct observation of gravitational waves came when a signal was generated 
by the merger of two black holes. In 2019, a bright Fast Radio Burst (FRB) was detected 
coming from a source 520 million light-years away. About the same time, a gravitational 
wave event was detected from roughly the same direction. Two orbiting neutron stars 
collided and merged. The speed of gravitational waves is the speed of light. [source: Ward, 
“Mysterious Radio Signal Follows Gravitational Waves Like Cosmic Thunder and Lightning,” 
syfy.com, April 2, 2023] 


GRB 230307A. GRB 230307A was an extremely bright, long-duration gamma-ray 
burst (GRB). It was created by two neutron stars colliding or a black hole and neutron 
star merger event, causing a kilonova. This created some of the rarest elements in the 
Universe. It was the second-most powerful burst ever recorded. It was roughly 1,000 times 
brighter than most GRBs, and lasted for a minute rather than the usual two seconds. It 
originated 120,000 light-years from the nearest galaxy. [source: Pearson, “Colliding dead 
stars creat one of the biggest explosions ever seen,” Sky at Night, Dec 21, 2023] 


GW190521. GW190521 was a gravitational wave signal resulting from the merger of 
two black holes. It was detected by LIGO and Virgo observatories in 2019. A pair of black 
holes 85 times and 66 times as massive as the sun collided in the biggest merger detected so 
far by gravitational waves/ The collision occurred 17 billion light years away from Earth. 
The resulting black hole had a mass equivalen to 142 times that of the Sun. The remaining 
9 solar masses were radiated away as energy in the form of gravitational waves. The black 
hole pair appeared to plunge into each other on an elliptical orbit, unlike the circular orbits 
of previously observed mergers. [source: Martineau, “A New Theory of How Black Holes 
Merge and Grow Into Heavyweights,” Columbia News, March 14, 2022] 


Halo. The galactic halo is an extended, roughly spherical component of a galaxy which 
extends beyond the main, visible component. The stellar halo is the component of its 
galactic halo containing stars. The halo of the Milky Way has about 1% of its total stellar 


mass. The Milky Way halo extends to over 100 kiloparsecs from the galactic center. 
Astronomers have detected in the stellar halo a group of stars more distant from Earth 
than any known within our own galaxy. 208 stars inhabit the most remote part of our 
galaxy. This halo is a spherical stellar cloud dominated by dark matter. The furthest star 
in this halo is 1.08 million light-years away. [source: Dunham, “Astronomers discover Milky 
Way galaxy’s most-distant stars,” Reuters, Jan 12, 2023] 


Haumea. The dwarf planet Haumea (named after the Hawaiian goddess of childbirth) is 
an odd object. First discovered in 2004, it orbits in the Kuiper Belt, which is beyond 
Neptune. It has a strange elongated or oval shape with two moons orbiting it. A day on 
this dwarf planet lasts 4 hours, making it the fastest-spinning large object in our solar 
system. In 2017, it was discovered that it had extremely thin rings orbiting it, likely due to 
some collision in the distant past. The dwarf planet is bright as snow. Haumea is the 3"4 
largest dwarf planet, behind Pluto and Eris. It is presumed that Haumea had a collision 
with another large object sometime in the distant past. [source: Beatty, “Surprise! Dwarf 
Planet Haumea Has a Ring,” Sky & Telescope, Oct 13, 2017] 


Hawking Radiation. Hawking radiation is theoretical black body radiation that is 
released outside a black hole’s event horizon. The Hawking radiation may be able to carry 
information. This information may lurk in the radiation around black holes, called 
quantum hair, and could be retrieved to retell the origins of these black holes. According 
to Stephen Hawking's work, radiation slowly "leaks" out of black holes in the form of 
thermal energy, called "Hawking radiation." But because of its thermal nature, this 
radiation can't carry information. That means that as black holes evaporate, they 
methodically destroy all information about the stars that created them. This is contrary to 
the laws of quantum mechanics, which say that information cannot be destroyed and that 
an object's final state can reveal clues about its initial state. This problem has troubled 
cosmologists for decades and is known as the "Hawking information paradox." [source: 
Lea, “Stephen Hawking’s famous black hole paradox may finally have a solution.” space.com, 
April 4, 2023] 


HD 139139. HD 139139 (also known as EPIC 249706694) is a sun-like star about 350 
light-years away. This odd star was observed by the Kepler space telescope to have 28 dips 
in its light, each of which lasted between 45 minutes and 7.5 hours. The random dips do 
not appear to be periodic as would be expected if they were due to transiting planets. The 
first explanation was that this star had as many and 28 planets revolving around it. It also 
may be due to dust-emitting asteroids or short-lived star spots. It is likely that this is a 
bound pair of stars, a little larger and brighter than our sun. [source, Starr, “Astronomers 
Found a Star That Dims So Erratically, They Have No Explanation For It,” Science Alert, Jul 2, 
2019] 


HD 2047496b. HD 2047496b (TOI-1099b) is a distant mini-Neptune, 77 light-years 
away, that may possess its own atmosphere, ocean, or a combination of the two, even if they 
don't last for long. It will end up either as a rocky core covered by oceans, or as a barren 
naked planetary core. The planet is less dense than the Earth and a width over two times 
that of Earth. Its mass is about 6.1 times that of Earth. It orbits its star every 6.4 Earth 


days. At about 5.8 million miles from its star. [source: Lea, “Newly discovered ‘mini- 
Neptune may have an ocean or an atmosphere — but not for long,” space.com, March 15, 2023] 


Heliosphere. The heliosphere is the magnetosphere, astrosphere, and outermost 
atmosphere layer of the sun. It is the cavity formed by the Sun in the surrounding 
interstellar medium. The “bubble” of the heliosphere is continuously “inflated” by plasma 
originating from the Sun, known as solar wind. The boundary of the heliosphere is more 
dynamic and structured than previously known. The heliosphere is not a perfect sphere. 
[source: DeMajistre, “Where solar wind meets interstellar medium,” Nature, Mar 7, 2023] 


HESS J1731-347. HESS J1731-347 is an extremely tiny neutron star that could be a 
hypothetical quark (up and down quarks) star that astronomers call “a strange star.” It is 
unusual for a neutron star because its mass is less than the sun. Current models propose 
that when a strange star’s crust begin to collapse, it could provide a source for Fast Radio 
Bursts. [sources: Hanks, “Existence of long-rumored ‘strange star’ made of weird matter may 
finally be confirmed”, thedebrief.org, Oct 31, 2022 and Yirka, “Neutron star HESS J1731-347 
may be a ‘strange’ star”, phys.org, Oct 25, 2022] 


HFLS3 is the name of a distant galaxy 12,8 billion light-years away. It originated about 
880 million years after the BigBang. It was discovered in 2013. Recent analysis of data 
from the James Webb Space Telescope (JWST), HFLS3 is actually 6 galaxies undergoing a 
giant collision. It is pumping out about 3,000 solar masses per year, compared to the Milky 
Way that produces about 8 solar masses per year. The galaxy was estimated to have 35 
billion stars. After astronomers looked at the data from JWST, they realized there were 
signs of 6 distinct galaxies. [source: Starr, “Oversized Ancient Galaxy Isn’t What Astronomers 
First Thought,” Space, Dec 30, 2023] 


HIP 68468. HIP 68468 is a Sun-like star in the constellation Centaurus. It is 300 light- 
years away. It has two exoplanets orbiting it. It has a remarkable abundance of elements, 
such as lithium. This star may have swallowed one or more planets, based on the lithium 
content and refractory elements discovered near its surface. This discovery provides an 
indication that violent histories may be common for planetary systems. [source: Borzo, 


“Astronomers discover dark past of planet-eating ‘Death Star’,” University of Chicago News, 
Dec 15, 2016] 


Hottest Stars. Astronomers have discovered eight of the hottest white dwarf stars in 
the universe. All of these stars has a surface temperature hotter than 100,000 degrees 
Celsius. The hottest star has a surface temperature of 180,000 degrees Celsius. For 
comparison, the sun’s surface is 5,800 degrees Celsius. Each of these stars are more than 
100 times brighter than the sun, which is considered unusual for white dwarf stars. 
[source: Royal Astronomical Society, “Astronomers discover eight new super-hot stars,” 
phys.org, Jan 8, 2023] 


Hubble Constant. The Hubble constant is the constant of proportionality in the 
relations between the velocities of remote galaxies and their distance. It expresses the rate 


at which the universe is expanding. The direct measurement of the Hubble constant is one 
of the biggest questions in contemporary cosmology. As measurements have become more 
precise, a significant uncertainty in the Hubble constant measurement have emerged due to 
the discrepancy of the value from late (gravitational waves) and early (cosmic microwave 
background) universe measurements. [source: Bulla et al, “Multi-messenger constraints on the 
Hubble constant,” Astrobites.org, March 29, 2023] 


Hyakutake. Comet Hyakutake was discovered on January 1, 1996 by the amateur Yuji 
Hyakutake (1950-2002) in southern Japan, using 150 mm (6 inches) binoculars. Its passage 
near the Earth was one of the closest cometary approaches in the past 200 years. Scientists 
made the first discovery of X-ray emissions coming from a comet. This was believed to 
have been caused by ionized solar wind particles interacting with the atoms in the coma of 
the comet. On May 1, 1996, the spacecraft probe Ulysses unexpectedly crosses the ion trail 
of this comet. It revealed that the tail was at least 3.8 AU (over 353 million miles) in length. 
This is the longest tail known for a comet. The last time that comet Hyakutake was in the 
inner Solar system was 17,000 years ago. Its next appearance in the inner Solar System 
will be 70,000 years from now. [source: Howell, “Hyakutake: Comet with a Long, Long Tail,” 
space.com, Feb 28, 2013] 


Hyperion. Hyperion is a moon of Saturn. It is distinguished by its irregular shape and 
its chaotic rotation. It has an unexplained sponge-like appearance It is the first non-round 
moon to be discovered. It rotates in a way that is much different from the rotation of any 
other moon in the Solar System. It tumbles in its orbit. The interior may house a vast 
system of caverns. 


Hypervelocity stars. Hypervelocity stars are stars with velocities that deviate 
substantially from the normal velocity of stars in a galaxy. Such stars may have velocities 
so great that they exceed the escape velocity of the galaxy. There have been about 20 
observed hypervelocity stars. One star, S5-HVS1, is traveling at close to 4 million miles per 
hour, 10 times faster than any other star detected so far. The star is about 29,000 light- 
years from Earth, and may have been ejected out of the Milky Way galaxy after interacting 
with the Sagittarius A* super massive black home at the center of the galaxy. The star 
interacted with the black hole about 4.8 million years ago. [sources: James, “Star Ejected by 
Milky Way’s Supermassive Black Hole Now traveling at over 3 Million MPH,” Outer Places, 
Nov 13, 2019 and “Discovery of a nearby 1700 km/sec star ejected from the Milky Way by Sgr 
A*,” Monthly Notices of the Royal Astronomical Society, Nov 4, 2019] 


lapetus. Iapetus is a moon of Saturn, which has 83 known moons. It was discovered in 
1671 by Giovanni Cassini and was only visible for a few months out of the year, due to 
being tidally locked to Saturn. It is the 3™ largest moon of Saturn. It is about the size of 
Australia and is walnut-shaped. It has a severely inclined orbit and travels much further 
out than the other large moons. 


Initial Mass Function. The initial mass function (IMF) is an empirical function that 
describes the initial distribution of masses for a population of stars during star formation. 


IMF not only describes the formation and evolution of individual stars, it also serves as an 
important link that describes the formation and evolution of galaxies. The fate of galaxies 
is determined by the INF at the birth of a new population of stars. The IMF is often given 
as a probability density function (PDF) that describes the probability of a star that has a 
certain mass. IMF is derived from the luminosity function. For years, astronomers 
believed that the IMF is a universal relationship and were consistent throughout the 
Universe. Recent direct evidence shows how the IMF varies with different environments. If 
the IMF is variable, this could change the total mass estimates of galaxies and potentially 
alter the field of Galactic astronomy [source: Chinese Academy of Science, “Unlocking the 
Mystery of the Stellar Initial Mass Function: A New Breakthrough Discovery,” SciTechDaily, 
Feb 8, 2023] 


Inflation. Cosmological inflation is a theory of exponential expansion of space in the 
early universe. The inflationary epoch lasted from 10° seconds to between 107% and 
107% seconds after the Big Bang. Following the inflationary period, the universe continued 
to expand, but at a slower rate. The acceleration of this expansion due to dark 

energy began after the universe was already over 7.7 billion years old. Inflation explains 
why the universe appears to be the same in all directions, why the cosmic microwave 
background radiation is distributed evenly, why the universe is flat, and why no magnetic 
monopoles have been observed. 


Intercluster Light. Intercluster light (ICL) is a faint diffuse stellar component of 
cluster made of stars that are not bound to individual galaxies. There are rogue stars that 
are not gravitationally bound to any particular galaxy within the cluster. Their origin has 
yet to be found. The first ICL was discovered in 1951. These rogue stars may have 
originated in a galaxy, but was expelled as the result of either galaxies colliding or traveling 
too close to a black hole. 


Interstellar Space. Interstellar space is the physical space within a galaxy beyond the 
influence each star has upon the encompassed plasma. The contents of interstellar space 
are called the interstellar medium (ISM). Approximately 70% of the mass of the 
interstellar medium consists of lone hydrogen atoms; most of the remainder consists of 
helium atoms (less than 8%). This is enriched with trace amounts of heavier atoms formed 
through stellar nucleosynthesis. These atoms are ejected into the interstellar medium 

by stellar winds or when evolved stars begin to shed their outer envelopes such as during 
the formation of a planetary nebula. It contains vast quantities of neutrinos, charged 
particles, atoms, molecules, dark matter and photons ranging from the highest-energy 
radiation to the sluggish light of the cosmic microwave background (CMB) albeit rather 
sparsely spread out. The explosion of a supernova generates an expanding shock 

wave consisting of ejected materials that further enrich the medium. The average distance 
between stars in the Milky Way galaxy is about 5 light-years. The solar wind starts to 
weaken as it comes up against interstellar space and slows down to 62 mph in interstellar 
space. Stellar wind stops around 11 billion miles from the sun. [source: Cooper, Interstellar 
space: What is it and where does it begin?,” space.com, Jan 17, 2023] 


lo. Jupiter’s moon Io has over 400 active volcanoes and is considered the most active 
moon in the solar system. It is the innermost and third-largest of Jupiter’s moons. It is 
slightly larger than Earth’s moon. It has the highest density of any moon and the strongest 
surface gravity of any moon. It was discovered in 1610 by Galileo. Several volcanoes 
produce plumes of sulfur as high as 300 miles above the surface. Io’s volcanoes emit a ton 
of gases and particles into the space near Jupiter each second. Io has over 100 mountains 
with some peaks higher than Mount Everest. 


Janus. Janus is a white dwarf star with two faces. One side is dominated by hydrogen 
and the other by helium. The star is 1,300 light-years from Earth in the direction of the 
Cygnus constellation. It has a mast 20% larger than our sun. Its diameter is half that of 
Earth. It rotates on its axis every 15 minutes. Most white dwarfs rotate every few hours to 
a few days. [sources: “Asymmetric magnetic fields may explain two-faced white dwarf,” 
AstronomyNow, July 20, 2023 and Dunham, “Introducing Janus, the exotic ‘two-faced’ white 
dward star,” Reuters, July 21, 2023] 


Jupiter’s Moons. There are now 95 moons of Jupiter as of March, 2023. 12 new 
moons were discovered in 2022, to make the total of 92. Three more moons were 
discovered in February, 2023, making a total of 95 moons. Saturn has 83 moons, Uranus 
has 27 moons, and Neptune has 14 moons. [source: Strickland, “Jupiter now has 92 moons 
after new discovery,” waow.com, Feb 7, 2023] 


Karman line. The Karman line is the conventional boundary between Earth’s 
atmosphere and out space. This is at an altitude of 62 miles, 54 nautical miles, 100 
kilometers, or 330,000 feet above sea level. It is named after Theodore von Karman (1881- 
1963). In 1957, he was the first person to attempt to calculate a theoretical limit of altitude 
for airplane flight. 


KELT-9b. KELT-9b is a ultra-hot exoplanet that is 1.8 times the size of Jupiter. It is the 
hottest known exoplanet. It is 670 light-years away in the constellation Cygnus. It isa 
giant planet in a very close, nearly polar orbit around a rapidly rotating star. The 
temperature on the dayside of this planet is 7,800 degrees Fahrenheit, hotter than the 
surface of some stars. [source: Goddard Space Flight Center, “NASA’s TESS Investigates 
Strange Ultrahot World,” Sci Tech Daily, June 30, 2020] 


Kepler-51. Kepler-51 is a Sun-like star about 500 million years old. It is orbited by 
three super-puff planets. These planets are the lightest and lowest known densities of any 
exoplanet. The planets are all Jupiter-sized, but with the mass of a few Earth’s. The 
Kepler-51 system is the only system that hosts more than one so-called super-puff 
exoplanet. Less than 20 super-puff planets are known. 


Kepler-78b. Kepler-78b is an exoplanet around the star Kepler-78. At the time of its 
discovery in 2013, it was the exoplanet most similar to Earth in terms of mass, radius, and 
density. The planet is 400 light-years away. It orbits close to its sun and the planet’s 
surface is 3,680 degrees Fahrenheit. That is high enough to strip the planet of any stable 


atmosphere. [source: “Astronomers Find Earthlike Planet, but it’s Internally Hot,” The New 
York Times, Oct 30, 2013] 


Kepler-1658b. This is a hot Jupiter exoplanet that is the closest known planet to an 
evolved star. In 2009, Iit was the first exoplanet spotted by the Kepler space telescope. It is 
gradually spiraling into its star (KOI-4), which is in its subgiant phase. The planet takes 
3.8 Earth days to complete one orbit around its star. It will be consumed by its star in 2.5 
million years. [sources: University of Hawaii, “Planet spiraling to its doom discovered by UH 
astronomers,” hawaii.edu, Dec 19, 2022 and Grossman, “The first planet found by the Kepler 
space telescope is doomed,” Science News, Dec 19, 2022] 


Large Magellanic Cloud. The Large Magellanic Cloud (LMC) is a satellite galaxy of 
the Milky Way, It is 160,000 light-years away. The LMC is 32,200 light years across. It is 
1/100 the mass of the Milky Way. The LMC will merge with the Milky Way in 2.4 billion 
years. There is a rare white dwarf binary star system (HP99) occupying the LMC. HP99 is 
burning helium, and not hydrogen as expected. The discovery is allowing astronomers to 
gain insights into supernova explosions and clarify the puzzle of how white dwarfs explode. 
[source: Faboade, “Researchers Discover Rare White Dwarf Binary Star System in the Large 
Magellanic Cloud,” Space in Africa, Mar 24, 2023] 


LHS 3154b. LHS 3154b is a large exoplanet that 13 times more massive than Earth, 
orbiting the “ultracool star LHS 3154, which is 9 times less massive than our sun. This is 
the first time such a high-mass planet has been found orbiting close to a lower-mass star. It 
seems that this newfound planet is too big for its tiny star. The star would need to be 10 
times higher than what was observed in order to form a planet as massive as the one 
discovered. [source: “Exoplanet That Appears to be Too Big for its Sun,” Technology.org, Dec 
5, 2023] 


LIGO. LIGO is the acronym for Laser Interferometer Gravitational-Wave Observatory. 
In 2015, LIGO made the first direct detection of gravitational waves, or ripples in space 
and time, produced by a pair of colliding black homes. In 2022, over 90 detections of 
gravitational waves were detected by LIGO. LIGO is able to measure the stretching and 
squeezing of the fabric of space-time on scales 10 thousand trillion times smaller than a 
human hair. [source: Clavin, “LIGO surpasses the quantum limit,” MIT News, Oct 23, 2023] 


Local Bubble. The Local Bubble (or Local Cavity) is a cavity of sparse, hot gas around 
the Sun. It is a relative cavity in the interstellar medium (ISM) of the Orion Arm in the 
Milky Way. The origin of the Local Bubble started some 14 million years ago, when 
between 14 and 20 stars went supernovae. The sun now sits nearly at the center of the 
Local Bubble. At the time of the supernovae, the Sun was 1,000 light-years away. The Sun 
drifted into the Local Bubble 5 million years ago, The Local bubble is at least 1,000 light 
years in size. Its neutral-hydrogen density is 1/10 of the average ISM in the Milky Way. 


LP 40-365. LP 40-365 is a low mass white dwarf star in the constellation Ursa Major. It 
travels at high speed through the Milky Way. It also has a very unusual elemental 


composition, lacking hydrogen, helium, or carbon. It was observed in the 1970s that this 
star was rocketing out of our Milky Way at a high rate of speed. This partly burnt 
runaway star was flying out of our galaxy at nearly two million miles per hour. LP 40365 
may have been locked in orbit with another star. This white dwarf may have been 
produced in a supernova blast that failed to destroy its host star totally. The shooting 
remanant, incredibly, remained. [source: Hart, “Astronomers Uncover New Details of a 
Literal Shooting Star,” Nerdist.com, Aug 6, 2021] 


LP 890-9. LP 890-9 (SPECULOO-2 or TOI-4306) is a red dwarf star located 105 light- 
years away in the constellation Eridanus. It is the second coolest star discovered, with a 
temperature of 4,708 degrees Fahrenheit (half the temperature of our Sun). It has two 
exoplanets, LP 890-9 b and LP 890-9 c. Both planets are likely terrestrial planets. The 
outer planet LP 890-9 c orbits within the habitable zone, and is a favorite target for 
atmospheric characterization. The planet is tidally locked to its star, is 3.7 million miles 
away from its sun and takes 8.5 days to orbit its sun. [source: Jones, “A newly discovered 
planet 40% larger than Earth may be suitable for life,” NPR, Sep 7, 2022] 


Lunar soil. Lunar soil is the fine fraction of the regolith found on the surface of the 
moon. The physical properties of lunar soil are primarily the result of mechanical 
disintegration of basaltic and anorthositic rock, caused by meteoroid impacts and 
bombardment by solar and interstellar charged atomic particles over billions of years. 
Lunar soil typically refers to only the finer fraction of lunar regolith, which is composed of 
grains 1 cm in diameter or less. Lunar dust generally connotes even finer materials 

than lunar soil. When asteroids or meteors crash into the moon, the collisions send 
fragments of the lunar surface flying into the air, heated to molten temperatures by the 
impact. Under these extreme conditions, silicate particles come together to form tiny glass 
beads. Scientists have found water stored in these glass beads. This means that the lunar 
soil may hold up to 300 billion tons of water. In 2020, data from observations confirmed 
water existed in lunar soil on the sunlit side of the moon, [source: Sullivan, “Scientists Find 
Water in Glass Beads From the Moon,” Smithsonian Magazine, March 31, 2023] 


Magnetar. A magnetar is a type of neutron star with an extremely powerful magnet 
field. he magnetic-field decay powers the emission of high-energy electromagnetic 
radiation, particularly X-rays and gamma rays. Over 20 confirmed magnetars have been 
confirmed. The magnetars are about 12 miles in diameter with a mass of 1.4 solar masses. 
They rotate more slowly than a neutron star. Many attributes of magnetars remain poorly 
understood: spin-down glitches or the sudden reductions in the star’s angular momentum, 
radio bursts reminiscent of extragalactic fast radio bursts (FRBs) and transient pulsed 
radio emission lasting months to years. Magnetars erupt bursts of X-rays without warning, 
some for hours and others for months before dimming and disappearing again. A 
magnetar could tear iron from you blood atom by atom, even from 1,000 miles away. 
[sources: “Magnetar spin-down glitch clearing the way for FRB-like bursts and a pulsed radio 
episode,” Nature Astronomy, Jan 12, 2023 and Alexander, “Magnetars: A Terrifying Oddity of 
the Space,” interestingengineering.com, Oct 3, 2020] 


Magnificent Seven. The Magnificent Seven is the informal name of a group of 
isolated young cooling neutron stars that are X-ray pulsars. One of the neutron stars was 
observed shooting out infrared emissions at a very large distance never before seen. All 
seven stars are recognized to be relatively close by, middle age (several hundred thousand 
years), and emitting soft X-rays due to cooling. [source: Grossman, “Cosmic Oddity 
Challenges What We Know About Pulsars,” Popular Mechanics, Sep 19, 2018] 


Maisie’s Galaxy. Maisie’s Galaxy is created about 390 million years after the Big 
Bang. It is one of the oldest galaxies ever found. It was named after the astronomer’s 9- 
year-old daughter who discovered it. The galaxy has a redshift of z = 11.4. [sources: 
“Astronomers Confirm Maisie’s Galaxy is Among Earliest Ever Observed,” UTNews, Aug 16, 
2023 and Lea, “James Webb Space Telescope confirms ‘Maisie’s galaxy’ is one of the earliest 
ever seen,” Space.com, Aug 17,2023] 


Matter Jets. Matter outlows in the form of jets, and they do not all travel at the same 
speed. The can travel at fast, medium, or slow speeds. The fastest matter jets travel very 
close to the speed of light. Their origin and many of their properties are uncertain. Matter 
jet velocities seem to have a bi-modal distribution, with some being very fast and others 
slow — and a gap in between. The fastest known jets are associated with gamma-ray bursts. 
Visisble emissions should fade after a few dozen seconds. However, in about 60% of 
observed cases, the visible emission does not fade but rather remains constant. In the study 
of gamma-ray bursts, it is unclear why X-rays, which are visible for up to several days, do 
not fade for a long time. [source: Siegel-Itzkovich, “Israeli scientists shed light on mysterious 
matter jets in space,” The Jerusalem Post, Feb 6, 2023] 


Megamaser. A megamaser is a type of astrophysical maser, which is a naturally 
occurring source of stimulated specral line emission. They are 100 million times brighter 
than ordinary masers in the Milky Way. In 2022, scientists discovered a megamaser 5 
billion light-years away, and named it Nkalakatha (Zulu for “big boss”). It is the most 
distant hydroxyl megamaser of its kind ever detected. The first megamaser discovered was 
a water megamaser in 1979, [source: Larkin, “Telescope discovers record-breaking galactic 
space laser,” CBS News, Apr 7, 2022] 


Mercury. Mercury is the smallest and most innermost planet. It is the least understood 
of all planets and is shrinking. It has the largest eccentricity of any planet. It has a high 
iron content, which is a mystery. Two moons of Saturn are larger than Mercury. Its 
temperature on the surface can be as cold as 280 degrees below zero Fahrenheit, or as hot 
as 800 degrees Fahrenheit (Venus is hotter at 863 degrees Fahrenheit). The names for the 
features of Mercury are odd. Craters are named for dead artists, musicians, painters, and 
authors. Ridges are named for scientists who have contributed to the study of Mercury. 
Depressions are named for works of architectures. Escarpments (steep slope or long cliff) 
are named for ships or scientific expeditions. Valleys are named for abandoned cities, 
town, or settlements of antiquity. On average, Mercury is closer to Earth than Venus or 
Mars. Because Mercury is so close to the Sun, the Hubble Space Telescope cannot observe 
the planet without burning out the optics. Galileo was the first person to observe Mercury 


with a telescope. A trip to Mercury requires more rocket fuel than is required to escape 
the Solar System. In 2018, a spacecraft was launched to orbit Mercury. The spacecraft 
will not reach Mercury until 2025. [source: Jaggard, “Mercury Explained,” National 
Geographic, Jan 21, 2020] 


Meteorite. A meteorite is a solid piece of debris that originates in outer space and 
survives its passage through the atmosphere to reach the surface of a planet or moon. On 
November 30, 1954, the first known reported instance of a human being struck by a 
meteorite and suffering an injury occurred. Ann Hodges of Sylacauga, Alabama, was hit by 
a meteorite when it crashed through the ceiling and struck the left side of her body. The 
space rock weighed 8.5 pounds ans was 4.5 billion years old. In 2021, a meteorite 
penetrated the roof of a house in Golden, British Columbia, landing on the occupant’s bed. 


Methane of Mars. It is odd that the presence of methane has been detected in the 
atmosphere of Mars. Since 2003, trace amounts of methane have been reported in various 
Mars spacecraft missions. Methane may indicate the presence of microbial life on Mars, or 
a geochemical process such as volcanism or hydrothermal activity. Concentrations of 
methane were found that were not yet diluted by winds in the atmosphere. Methane 
concentrations were highest in the Martian summer, and disappearing during the winter. 


Milky Way. The Milky Way is our galaxy that includes the Solar system. It is a barred 
spiral galaxy with a diameter of 90,000 light-years. The spiral arms are 1,000 light years 
thick. It has about 400 billion stars. The Milky Way converts four to eight solar masses of 
interstellar gas and dust into new stars each year. [source: Croswell, “The Milky Way may 
be spawning many more stars than astronomers had thought,” ScienceNews, Feb 23, 2023] 


Molecular Cloud. A molecular cloud is a type of interstellar cloud. Its density and size 
permit absorption nebulae and molecular hydrogen. Molecular hydrogen clouds are a key 
component of the interstellar medium because they are the birthplaces for stars. The 
details of how molecular clouds assemble from and interact with the atomic gas in 
interstellar space are still largely unknown. Ionized carbon is an excellent tracer of 
molecular cloud interactions. [source: Schneider at al, “Ionized carbon as a tracer of the 
assembly of interstellar clouds,” Nature Astronomy, Feb 16, 2023] 


Monster Galaxy. Astronomers recently found an odd ultra-massive monster galaxy 
that existed about 12 billion years ago. Dubbed XMM-2599, the galaxy formed stars at a 
high rate and then died. Why it suddenly stopped forming stars is unclear. Even before 
the Universe was 2 billion years old, XMM-2599 formed a mass of more than 300 billion 
stars. That means it was forming stars at the rate of 1,000 solar masses every year for 
around 500 million years. By comparison, our Milky Way galaxy creates 4 or 4 solar 
masses per year. XMM-3599 then became inactive in less than a billion years. For a long 
time, astronomers thought that giant galaxies couldn’t form in the early Universe. 
Numerical computer models can now account for massive galaxies like XMM-2599. The 
predicted galaxies, however, are expected to be actively forming stars. What makes XMM- 
2599 so odd is that it stopped forming stars all of a sudden. It may be that it stopped 


getting fuel (hydrogen gas) or a black hole stopped it from forming new stars.[source: Starr, 
“Astronomers Find Ultramassive Galaxy From The Early Universe That Suddenly Died, 
“Science Alert, Feb 7, 2020] 


Neptune. Neptune has internal heating that makes Neptune having the fastest winds in 
the solar system, with gusts of 1,300 mph. Neptune is the densest giant planet. It is the 
only planet in the solar system found by mathematical prediction and was found in 1846. It 
has 14 known moons. 


Neptune Trojans. Neptune Trojans are bodies that orbit the Sun near one of the 

stable Lagrangian points of Neptune. They therefore have approximately the same orbital 
period as Neptune and follow roughly the same orbital path. Discovered in 2001, twenty- 
eight Neptune rocky body Trojans are currently known. Astronomers have observed that 
these Trojan asteroids are deep red. They all have the same shade of red — far redder than 
most asteroids in the solar system. This indicates that these asteroids are rich in volatile 
compounds such as ammonia and methanol. It is likely that the reddest asteroids formed 
even farther from the sun in the early days of the solar system before migrating inward and 
getting caught in Neptune’s orbit. [source: Thompson, “Rare red asteroids around Neptune 
could reveal the secrets of the early solar system,” Live Science, April 1, 2023] 


Neutrino. A neutrino is a fermion (an elementary particle with a spin of 1.2) that 
interacts only via the weak interaction and gravity. The rest mass is much smaller than 
that of any other elementary particles, except for massless particles. The mass of a 
neutrino is less than a millionth the mass of an electron. No one has known where the 
highest-energy neutrinos come from. 100 trillion neutrinos pass through a human every 
second. Detectors are being built to study neutrinos and their antimatter counterparts, 
antineutrinos. A difference in neutrinos and anti neutrinos’ behavior might hint at the 
origins of the matter-antimatter imbalance. [source: Conover, LaCerte, & Thompson, “How 
ghostly neutrinos could explain the universe’s matter mystery.” Science News, Sep 22, 2022] 
One likely source of high energy neutrinos may be a brilliant cosmic beacon, called a 
blazer. This discovery that neutrinos come from blazars could kick-start a new field of 
astronomy (multimessenger neutrino astronomy) that combines information gleaned from 
neutrinos and light. [source: Conover, “Neutrino discovery launched a new type of 
astronomy,” Science News, Dec 17, 2018] A large chunk of cosmic neutrinos are coming 
from the heart of an active galaxy called NGC 1068. In the galaxy’s glowing core, matter 
spirals into a central supermassive black hole, making cosmic neutrinos in the process. 
[source: Lewtin, “A new Map of the Universe, Painted with Cosmic Neutrinos,” Wired. Sep 18, 
2023] In June 1956, American physicist Clyde Cowan (1919-1974) and Frederick Reines 
discovered thee neutrino (1918-1998). Reines was awarded the 1995 Nobel Prize in Physics. 


Neutron Star. A neutron star is the collapsed core of a massive supergiant star. Except 
for black holes, they are the smallest and densest class of stellar objects. It has a radius of 6 
miles and a mass of about 1.4 solar masses. New research suggest that collisions of neutron 
stars may trigger mysterious fast radio bursts (FRBs]. [source: Lewis, “Curious cosmic 
coincidence cold help explain fast radio burst mystery,” space.com, April 1, 2023] There is a 
non-pulsating neutron star in the supernova remnant HESS J1731-347. The neutron star 


has a mass of 0.77 solar masses and a radius of 10.4 km. This object is either the lightest 
neutron star known, or a ‘strange star.’ [source: Doroshenko et al, “A strangely light neutron 
star within a supernova remnant,” Nature Astronomy, Oct 24, 2022] In March 2012, a bright 
supernova (Supernova 2012 au) was discovered in the galaxy NGC 4780. Six years after 
the supernova exploded, scientists have found signs of a newborn neutron star. New 
observations of supernova 2012 au show charged oxygen and sulfur atoms fleeing the scene 
of the explosion at 2,300 kilometers per second. That suggests the shells of gas surrounding 
the dense remains of the original star are being lit up from within by a pulsar, a type of 
fast-spinning, radiation-spewing neutron star. [source: Grossman, “Astronomers may have 
spotted the birth of a neutron star,” Science News, Sep 25, 2018] 


NGC 1999. NGC 1999 is a dust-filled bright nebula with a vast hole of empty space 
represented by a black patch of sky in Hubble photos. It is a reflection nebula, and shines 
from the light of the variable start V380 Orionis. The cloud material is either immensely 
dense or an unexplained phenomenon has been detected and the area is truly empty. A 
hole has been blown in the side of NGC 1999 by the jets and winds of gas from the younger 
stellar objects in that region of space. It is a mystery how a star uses gas and winds to 
blow away its surroundings and emerge from its birth cloud. [source: “Herschel finds a hole 
in space,” Redshift Live] 


NGC 2419. NGC 2419 is a globular cluster in the constellation Lynx. It is about 300,000 
light-years from the Solar System. The cluster is considered part of the Milky Way and 
takes 3 billion years to make one orbit around the galaxy. Intrinsically, it is one of the 
brightest and most massive globular clusters of our galaxy. It is composed of two different 
populations of red giant stars, one behind more helium-rich than the other, which does not 
fit in the current model of globular cluster formation. This globular cluster does not 
contain similar amounts of helium as most other globular clusters. Also, stars in this 
cluster hold other elements, such as nitrogen, that vary. It is not sure how NGC 2419 was 
formed. [source: Goddard Space Flight Center, “Hubble views multi-generational cluster NGC 
2419,” phys.org, Apr 7, 2023] 


NGC 3923. NGC 3923 is an elliptical galaxy located in the constellation Hydra. It is 90 
million light-years from Earth. It is a shell galaxy where the stars in its halo are arranged 
in layers. It has more than 40 shells. It has more shells than any other shell galaxy. The 
shells surrounding the galaxy are made of stars on orbits that are hard to explain, 


Observable Universe. The observable universe is a ball-shaped region of the universe 
that can be observed from Earth, The diameter of the observable universe is about 93 
billion light-years. There may be 1 trillion galaxies in the observable universe. Neither the 
curvature nor the topology is presently known. Our universe began with a hot big bang 
13.7 billion years ago and has expanded and cooled ever since. It has evolved from a 
formless soup of elementary particles into the richly structural cosmos of today. The 
universe’s future lies in the hands of dark energy, an unknown form of energy that caused 
cosmic expansion to start accelerating a few billion years ago. [source: Turner, “Origin of the 
Universe,” Scientific American, May 21,2013] 


Oh-My-God Particle. The Oh-My-God (OMG) particle was an ultra-high-energy 
cosmic ray that was detected in 1991. It had the energy of 320 quintillion electron volts. It 
is the highest-energy cosmic ray ever observed. Cosmic rays consist of protons and atomic 
nuclei traveling close to the speed of light. [source: Conover, “A rare, extremely energetic 
cosmic ray has mysterious origins,” ScienceNews, Nov 23, 2023] 


Olympus Mons. Olympus Mons on mars is the biggest volcano ever discovered in the 
solar system. It is 374 miles across and 16 miles high. It is 100 times larger than Earth’s 
largest volcano, Hawaii’s Mauna Loa. Its last eruption was 25 million years ago. 


Oort Cloud. The Oort cloud is a theoretical concept of a cloud of 

icy planetesimals proposed to surround the Sun at distances ranging from 2,000 to 

200,000 AU (0.03 to 3.2 light-years). It is divided into two regions: a disc-shaped inner Oort 
cloud and a spherical outer Oort cloud. Both regions lie beyond the heliosphere and are 

in interstellar space. Many long-period comets originated from the Oort cloud. [source: 
Stein, “Oort cloud: What is it and where is it located?,” space.com, Mar 8, 2023] 


OSIRIS-REx. The Osisis-REX mission was a NASA asteroid-study and sample-return 
mission that visited and collected sample from the Bennu asteroid. The material was 
returned on September 24, 2023 after the spacecraft was launched in 2016. The capsule 
landed in Utah and was recovered intact. The journey took 7 years and 4.4 billion miles. 
[source: Dickinson, “Osiris-Rex Returns Samples of Asteroid Bennu to Earth,” Sky & Telescope, 
Sep 24, 2023] 


Oumuamua. Oumuamua (11/2017 U1) was the first interstellar comet ever seen in our 
solar system. It was discovered on October 19, 2017 by Robert Weryk using the Pan- 
STARRS telescope in Hawaii, It whipped past Earth at an unusually high speed (196,000 
mph). The comet is cigar-shaped, about 3,000 feet in length and over 500 feet in width. It 
has a motion of tumbling rather than spinning and moves relatively fast relative to the Sun. 
It had an unexplained acceleration from the sun, which sparked some speculation that it 
was an alien spacecraft. However, nearing the sun, outgassed hydrogen gave the tiny 
comet a kick. [source: University of California — Berkeley, Mar 22, 2023] 


Pa 30. Pa 30 (Patchick 30) is a gaseous nebula and remnant of Supernova 1181, which 
was first observed in 1181. Pa 30 is 7,500 light-years away in the constellation Cassiopeia. 
The supernova occurred when two white dwarf stars collided. The nebula is expanding at 
1,100 kilometers per second. The Pa 30 is the remnant of SN 1181, which was a rare Type 
lax supernova that did not result in the complete destruction the merged stars. Pa 30 has 
thin contrails of sulfur emission emanating from a central star. This type of supernova was 
the first detected in the Milky Way. [source: Zastrow, “’Fireworks’ sparked by survivor of 
stellar collision,” astronomy.com, Feb 28, 2023] 


Pallas. Pallas is an odd asteroid in the asteroid belt, between Mars and Jupiter. It was 
the second asteroid to have been discovered (after Ceres) and is the 3" largest asteroid (318 
miles in diameter), behind Ceres and Vesta. It was discovered in 1802 by Heinrich Olbers, 


and first thought to have been a planet. Pallas is named after Pallas Athena, an alternate 
name for the goddess Athena. Pallas is the most cratered object that we know of in the 
asteroid belt. It is so pot marked that it looks like a golf ball. [source: “The violent 
collisional history of aqueously evolved Pallas,” Nature Astronomy, Feb 10, 2020] 


Pancake Dome. A pancake dome is an odd type of lava dome found on the planet 
Venus. They are 10 to 100 times larger than volcanic domes formed on Earth. They are 


formed by the eruption of an extremely viscous lava. [source: “Aline Corona with Pancake 
Domes,” JPL, May 21, 1991] 


PDS 70. PDS 70 (V1032 Centauri) is a young star in the constellation Centaurus. It is 
370 light years from Earth. The star has two exoplanets. A clump of dust that could form 
a new moon or planet is in a stable region, trailing behind newborn planet PDS 70b. 
[source: Young, “This planet might have a sibling sharing its orbit,” Sky & Telescope, July 19, 
2023] 


Pea Galaxy. A Pea Galaxy or Green Pea Galaxy is a type of luminous blue compact 
galaxy that is undergoing very high rates of star formation. These galaxies are small (5,000 
light-years in diaeter) and are greenish in appearance. Their greenish hue is because most 
of their light comes from glowing gas clouds rather that directly from their stars. They 
could be partly responsible for the ‘reionization’ of the universe. They were first 
discovered in 2009. The James Webb Space Telescope (JWST) spotted some Green Pea 
galaxies dating to 13.1 billion years ago. These galaxies leak much more ultraviolet light, 
which can rip electrons from atoms. [source: Grossman, “The James Webb telescope found 
‘Green Pea’ galaxies in the early universe,” Science News, Jan 12, 2023] The Green Pea galaxy 
found by the JWST may be one of the most “chemically primitive” galaxies astronomers 
have ever seen. [source: Lea, “Rare ‘green pea’ galaxy may be the most ‘chemically primitive’ 
galaxy ever discovered.” space.com, Jan 11, 2023] 


Peekaboo Galaxy. The Peekaboo Galaxy (HIPASS J1131-3) is an irregular compact 
blue dwarf galaxy in the constellation Hydra. It is 1,200 light-years across and 20 million 
light-years from Earth. This galaxy is one of the most metal-poor and least chemically 
enriched galaxies ever found. This trait is usually seen in galaxies in the distant, early 
universe. The stars in this galaxy only started forming in the last billion years, which 
would make it one of the youngest galaxies in our cosmic neighborhood yet found. [source: 
Parks, “Hubble spots a nearby galaxy that looks like it belongs in the early universe,” 
astronomy.com, Dec 16, 2022] 


Pillars of Creation. The Pillars of Creation is a famous photograph, first taken by the 
Hubble Telescope in 1995, of interstellar gas and dust in the Eagle Nebula, in the Serpens 
constellation. The nebulas is 7,000 light-years away. The gas and dust are in the process of 
creating new stars, while also being eroded by the light from nearby stars that have 
recently formed. There is a cloud of dust in the vicinity of the Pillars of Creation that could 
be a shock wave produced by a supernova. This cloud could have destroyed the Pillars of 
Creation 6,000 years ago, In X-ray light, there are a number of point sources in the nebula. 


This is evidence of stellar remnants like neutron stars and black holes, but no supernova 
remnant has been found. [source: Siegel, “The secret race exposed inside the Pillars of 
Creation,” Big Think, Oct 27, 2022] 


PKS 2131-021. This is a blazar (a type of quasar) 9 billion light-years away that has a 
binary black hole. The black holes are pointing a jet of supercharged matter directly at 
Earth. They orbit each other every two years. This is the tightest-knit supermassive black 
hole duo observed to date. They will merge in about 10,000 years. [source: Spektor, “2 
monster black holes are headed toward a collision that will rock the fabric of space-time,” Live 
Science, March 1, 2020] A powerful jet emanating from one of two black holes in PKS 
2131-021 is shifting back and forth due to the pair’s orbital motion. This causes periodic 
changes in the quasar’s radio=light brightness. [source: California Institute of Technology, 
“Colossal black holes locked in dance at heart of galaxy, Eureka Alert, Feb 23, 2022] 


Pluto. Pluto, discovered in 1930, is considered a dwarf planet in the Kuiper belt. Pluto’s 
eccentric orbit periodically brings it closer to the Sun than Neptune, but a stable orbital 
resonance prevents them from colliding. It has 5 known moons. The moon Charon is only 
12,000 miles away from Pluto. Pluto has ice-spewing volcanoes. Pluto has an atmospheric 
haze that extends 1,000 miles high. An atmosphere on Pluto was fully confirmed by 
independent observations in 1988. There are 20 layers in Pluto’s atmosphere. Tons of 
nitrogen gas escape Pluto by the hour, but somehow Pluto can constantly resupply that lost 
nitrogen. It may be creating more of it through geological activity. Pluto has very bright 
areas next to very dark ones. The bright areas are probably shifting fields of nitrogen ice. 
The dark areas could be methane ice interacting with sunlight. At sometime in the past, 
Pluto flipped on its side. Pluto’s orientation before the flip and the degree to which it 
reoriented itself has not been well understood. Researches have attributed the flip to the 
formation of Sputnik Planita, a 620-mile basin that makes up half of the heart-shaped 
region on Pluto. [source: Kuthunur, “New Horizons Pluto probe notches 3 new discoveries in 
outer solar system,” space.com, March 17, 2023] 


Protostar. A protostar is a very young star that is still gathering mass from its parent 
molecular cloud. This phase of stellar evolution lasts about 500,000 years. In its deep 
interior, the protostar has lower temperature than an ordinary star. Hydrogen-1 in the 
center has not started fusing with itself. Theory predicts that hydrogen-2 (deuterium) fuses 
with hydrogen-1, creating helium. L 1527 is a protostar. Light from this still-forning star 
illuminates the gas above and below the disk, making an hourglass shape, High-mass 
protostars (greater than 8 solar masses) are thought to gain the majority of their mass via 
short, intense bursts of growth. One high-mass protostar was observed to have an accretion 
burst and a burst of radiation that propagated outward from the protostar. [source: Burns 
et al, “A Keplerian disk with a four-arm spiral birthing as episodically accreting high-mass 
protostar,” Nature Astronomy, Feb 27, 2023] 


Proxima Centauri. Proxima Centauri (Alpha Centauri C) is a small, low-mass red 
dwarf star located 4.2465 light-years away from the sun. It was discovered in 1915. It is 
the nearest known star to the Sun. It is a member of the Alpha Centauri star system. Its 
mass is 12.5% of the Sun’s mass and 14% of the Sun’s diameter. It is 33 times denser than 


our Sun. Its lifetime will be 4 trillion years. It has two known exoplanets and one 
candidate exoplanet. [source: Lea, “Alpha Centauri: Facts about the stars next door,” 
space.com, Mar 5, 2023] 


PSR J1748-2446ad. This pulsar (neutron star) is the fastest rotating star known. It is 
a dead star located 18,000 light-years away. At its equator, the neutron star’s surface spins 
at around 157 million mph — that’s nearly 24 percent the speed of light. 


Pulsar. A pulsar (pulsating radio source) is a highly magnetized rotating neutron star 
that emits beams of electromagnet radiation out of its magnetic poles. The linking of 
pulsars with supernova neutron star remnants was confirmed with the “odd” star close to 
the center of the Crab Nebula was shown to be a pulsar rotating over 30 times a second. In 
1992, the first extrasolar planets were discovered around a pulsar. In 2016, a pulsar was 
discovered being a white dwarf instead of a neutron star. The Crab Nebular pulsar seems 
to increase its spin every 3 to 6 years. This seems odd as generally pulsars slow down with 
time. 


Quaoar. 50000 Quaoar is a dwarf planet in the Kuiper belt about 690 miles in diameter. 
It has a ring around the icy dwarf planet that is much further from its parent body than 
thought possible. The ring around Quaoar is over twice the Roche limit, which defies 
theoretical expectations. The ring orbits Quaoar at a distance of over 2,500 miles. [source: 
Lea, “’Impossible’ New Ring System Discovered at the Edge of the Solar System,” Scientific 
American, Feb 11, 2023] 


Quasar. A quasar (quasi-stellar object) is an extremely luminous active galactic nucleus 
(AGN). Quasars are the most brilliant beacons of all, emitting more light than the entire 
Milky Way. More than a million quasars have been found. Quasars were more common in 
the early universe than today, so they are very old. Quasar 3C 273 is the hottest object in 
space and was the first quasar to be discovered. It is 2.5 billion light-years away. Its 
temperatures is 18 trillion degrees Fahrenheit. Quasar SMSS J1144-4308 is a quasar in the 
constellation Centaurus. It is the most intrinsically luminous quasar known, having a 
luminosity 8 times greater that of quasar 3C 273. It has a red shift of z = 0.83 with a 
supermassive black hole that may be the fastest growing black hole observed. [source: 
Kammoun at al, “The first X-ray look at SMSS J11447: the most luminous quasar in the last 9 
Gyr,” Monthly Notices of the Royal Astronomical Society, April 3, 2023] Recently, the Hubble 
Space Telescope discovered a quasar pair, which is rare at the early time in the universe. 
They were formed around 10 billion years ago. By now, the double quasars likely no 
longer exist. They likely collided and merged into a very large black hole. The galaxies 
orbiting them have probably become one gigantic elliptical galaxy. [source: Thompson, 
“NASA discovers ultra-rare ‘double quasar’ abut to collide into an unbelievably massive black 
hole, yahoo.com, Apr 12, 2023] 


Quenching. Quenching is a process in which a galaxy loses cold gas. This suppresses 
star formation. Galaxy GS-9209 is the earliest known galaxy to abruptly stop forming 
stars. It quenched its star formation more than 12.5 billion years ago. This discovery 


shows at least some galaxies quenched when the universe was young. [source: Grossman, 
“The James Webb telescope spotted the earliest known ‘quenched’ galaxy,” Science News, Feb 
14, 2023] 


Radiation Belt. The radiation belt is a zone of energetic charged particles that are 
captured by and held around a planet by the planet’s magnetosphere. Earth has two 
radiation belts and named after James Van Allen (1914-2006). He discovered them in 1958 
using Geiger-Muller tube instruments on three satellites launched in 1958. 


Red Dwarf. A red dwarf (M-dwarf) is the smallest and coolest kind of star on the main 
sequence. They are the most common type of star in the Milky Way. 50 of the 60 nearest 
stars are red dwarfs. Rocky planets orbiting red-dwarf stars are among the most 
promising and abundant astronomical targets for detecting habitable climates. [sources: 
Lobo et al “Terminator Habitability: The Case for Limited Water Availability on M-dwarf 
Planets,” The Astrophysical Journal, Jan 1, 2022 and “M Dwarfs Could Be the Best — or 
Worst—Extraterrestrial Homes,” Scientific American, May 1, 2015] 


Red Giant. A red giant is a luminous giant star of low or intermediate mass in a late 
phase of stellar evolution. It has exhausted its central hydrogen content, leaving a helium 
core and a hydrogen-burning shell. A red giant will usually produce a planetary nebula 
and become a white dwarf at the end of its life. Rotation of a red giant may be boosted by 
magnetic fields. However, owing to the lack of direct measurements of magnetic fields in 
stellar interiors, little is currently known about their properties. Field strengths of 30 to 
100 kilogause in the vicinity of the hydrogen-burning shell have been measured. [source: Li 
et al, “Magnetic fields of 30 to 100 kG in the cores of red giant stars,” Nature, Oct 6, 2022] 


Rings of Saturn. The rings of Saturn are the most extensive ring system of 

any planet in the Solar System. They consist of countless small particles, ranging in size 
from micrometers to meters that orbit around Saturn. The ring particles are made almost 
entirely of water ice, with a trace component of rocky material. There is still no consensus 
as to their mechanism of formation. New studies have shown that Saturn’s rings are 
heating its upper atmosphere. The evidence came from an excess of ultraviolet radiation, 
seen as a spectral line of hot hydrogen in Saturn’s atmosphere. The bump in radiation 
means that something is contaminating and heating the upper atmosphere. [source: 
Murray, “Saturn is doing something never seen before in our solar system,” nbcrightnow.com, 
March 21, 2023] 


Rogue Planet. A rogue planet is an interstellar object of planetary mass which is not 
gravitationally bound to any star or brown dwarf. Rogue planets originate from planetary 
systems in which they are formed and later ejected. They can also form on their own, 
outside a planetary system. In 2020, an Earth-mass rogue planet was discovered. 
Astronomers have spotted over 200 rogue, starless planets. The Milky Way alone may 
have billions to trillions of rogue planets. With the right orbit and atmosphere, a moon 
orbiting a rogue planet might stay warm for over a billion years and may be suitable for 
life. [source: den Hond, “Planets without stars might have moons suitable for life.” Science 


News, April 1, 2023] In 2021, at least 70 rogue planets were found in our Milky Way in the 
Upper Scorpius and Ophiuchas constellations. It is the largest group of rogue planets 
found so far. All 70 rogue planets have masses comparable to Jupiter’s. [source: Carter, 
“Astronomers Stunned to Find 70 Mysterious ‘Rogue’ Planets in the 13" Constellation,: Forbes, 
Dec 22, 2021] 


Rossby Wave. Rossby waves are a type of inertial wave or ripple naturally occurring in 
rotating fluids. They are observed in the atmospheres and oceans and other planets, owing 
to the rotation of Earth or of the planet involved. Rossby waves in Earth’s atmosphere 
help to steer the jet streams and weather patterns. A recent study offers the best evidence 
yet that similar large-scale features also exist on the Sun. An understanding of these 
features could help scientists to better predict the formation of sunspots and the eruption of 
solar flares. [source: Perkins, “Planet-sized ‘waves’ spotted in the Sun’s atmosphere,” Nature, 
Mar 27, 2017] 


Ryugu. 162173 Ryugu is a near-Earth object and a potentially hazardous asteroid of the 
Apollo group. It is 3,000 feet in diameter with a rare spectral type. Samples of it were 
returned by a Japanese spacecraft. The samples showed the presence of organic 
compounds, such as the nucleic acid uracil (a component of RNA) and vitamin B3. [source: 
Johnston, “Asteroid Ryugu Contains Niacin (aka Vitamin B3),” Universe Today, Mar 26, 2023] 


$4716. S4716 is the closest and fastest star orbiting the black hole in the center of our 
Milky Way Galaxy. It orbits the black hole once every four years. S4716 and its high-speed 
cluster of starts have been dubbed “squeezers.” This type of star follows a highly eccentric 
orbit around a black hole. [source: Petersen, “One Star Flies Past the Milky Way’s Black Hole 
at 3% the Speed of Light,” Universe Today, July 6, 2022] 


Sagittarius A*. Sagittarius A* (Sgr A*) is the supermassive black home at the Galactic 
Center of our Milky Way. It is located near the border of the constellations Sagittarius and 
Scorpius. It has a mass of over 4 million solar masses. Astronomers have detected the 
heaviest and youngest infant star (X3a) ever discovered close to a black hole. The star is 
less than 50,000 years old. Theoretically, this star should not be able to exist so close to this 
black hole. [source: University of Cologne, Feb 28, 2023] The black hole is also stretching 
object X7, and it being pulled apart as the black hole drags it closer. X7 appears to be a 
cloud of dust and gas that was created when two stars collided. [source: University of 
California — Los Angeles, Feb 24, 2023] 


Saturn’s Rings. Saturn’s rings are much younger than scientists once thought. The 
rings are no more than a few hundred million years old. Saturn itself formed 4.5 billion 
years ago. Saturn’s rings are the most extensive ring system of any planet in the Solar 
System. The rings will last only another few hundred million years at most. [source: 
“Saturn’s rings younger than previously thought — just a few hundred million years,” NewsWise, 
May 15, 2023] 


Sedna. Sedna (90377 Sedna) is a dwarf planet in the outermost reaches of the Solar 
System. It was discovered in 2003. Its surface is one of the reddist among Solar System 
objects. Sedna’s orbit is one of the largest in the Solar System, with the exception of long- 
period comets. Sedna’s closest approach to the Sun is far greater that Plut’s distance away 
from Earth. It is 8 billion miles away. It takes 10,000 years to orbit one time around the 
Sun. [source: Howell, “Sedna: Possible Dwarf Planet Far From the Sun,” space.com, April 30, 
2014] 


Seyfert Galaxy. Seyfert galaxies are one of two largest groups of active galaxies, along 
with quasars. They have quasar-like nuclei (very luminous, distant and bright sources of 
electromagnetic radiation) with very high surface brightnesses whose spectra reveal strong, 
high-ionization emission lines, but unlike quasars, their host galaxies are clearly detectable. 
When a quasar is not that bright, allowing us to see the stars, then it is considered a Seyfert 
galaxy. 


Shock Wave. For the first time, astronomers have caught a glimpse of shock waves 
rippling along strands of the cosmic web — the enormous tangle of galaxies, gas, and dark 
matter that fills the observable universe. Spotting these shock waves could give 
astronomers a better look at the large-scale magnetic fields, who properties and origins are 
largely mysterious. While scientists have observed shock waves around galaxy clusters 
before, shock waves in filaments have never been seen. [source: Cutts, “Astronomers spotted 
shock waves shaking the web of the universe for the first time,” Science News, March 6, 2023] 


SIMP J013656.5+093347. This is a rogue planet 19.9 light-years away in the 
constellation Pieces. . It has a magnetic field more than 200 times stronger than Jupiter’s. 
This is strong enough to generate flashing auroras in its atmosphere, which can be seen 
with radio telescopes. Its mass is about 12.7 Jupiter masses. 


Sirius. Sirius (Alpha Canis Majoris) is the brightest star in the night sky. It is a binary 
system of a main-sequence star and a faint white dwarf that is 10,000 times dimmer. They 
orbit each other every 50 years. It is 8.6 light-years away. It has a mass times that of the 
Sun. If Sirius replaced the Sun, it would be 20 times brighter. It will be the brightest star 
in the sky for the next 210,000 years. [source: Harvey & Howell, “Sirius: The brightest star 
in Earth’s night sky,” space.com, Jan 22, 2022] 


Smertios. Smertios (HD 149026b) is an extrasolar planet and hot Jupiter. It is 250 light- 
years away in the constellation of Hercules. Its atmosphere is rich in heavy elements, with 
high concentrations of carbon and oxygen. [source: Pultarova, James Webb Space Telescope 
finds a ‘hot Jupiter’ exoplanet that defies expectations.” space.com, March 29, 2023] 


SN 185. Supernova SN 185 is believed to be the first supernova observed. It was first 
observed in the year 185 AD by the Chinese and was visible for 8 months. The supernova’s 
remnant is called RCW 86 and is located 8,000 light-years away between the constellations 
Circinus and Centaurus. RCW exhibits an extremely high expansion velocity. X-ray data 


shows that RCW 86 is iron rich. [source: Hill, “Tattered remains of first recorded supernova 
captured In new image,” astronomy.com, March 3, 2023] 


SN 1006. Supernova SN 1006 first appeared on May 1, 1006 A.D. It was 16 times 
brighter than Venus and visible during the daytime for weeks. It was probably the 
brightest observed stellar event in recorded history. The remains of SN 1006 was one of 
the faintest X-ray sources by the first generation of X-ray satellites. The supernova 
exploded 7,200 light-years from Earth. Astronomers are still studying critical details about 
its magnetic field and particle acceleration. [source: “SN 1066 Unveiled: Chandra and IXPE’s 
New Insights Into a Millennium-Old Supernova,” SciTechDaily, Dec 28, 2023] 


Solar Flare. A solar flare is an intense localized eruption of electromagnetic radiation in 
the Sun’s atmosphere. In 1999, ‘finger-like’ solar flares were seen falling slowly into the 
sun rather than moving outward very fast. These unusual flares, dubbed ‘downward- 
moving dark voids,’ are the result of fluids of different densities not being able to mix. 
They were not the product of breaking magnetic fields like other flares. Instead, they were 
formed in the turbulent environment on their own by the mixing of two plasmas with 
different densities. The dark finger-like voids are actually an absence of plasma. The 
density is much lower there than the surrounding plasma. [source: Morrison, “Mysterious 
solar flares first seen falling into the sun instead of bursting out in 1999 are finally identified as 
fluids of different densities that cannot mix,” Daily Mail, Jan 27, 2022] On Dec 14, 2023, the 
biggest solar flare since 2017 hit the Earth, which temporarily knocked out radio 
communications on Earth. [source: Dunn, “Biggest solar flare in years temporarily disrupts 
radio signals on Earth,” APNews, Dec 15, 2023] 


Solar Wind. The solar wind is a stream of charged particles released from the upper 
atmosphere of the Sun. In 1951, Ludwig Biermann (1907-1986) became interested in the fact tht 
the tail of a comet always points away from the Sun. He postulated that this happens because the 
Sun emits a steady stream of particles that pushed the comet’s tail away. 


Spiral Galaxy. Spiral galaxies make up only about 60% of galaxies we see. Spiral 
galaxies were thought to only form when smaller galaxies collide and merge over time. A 
new study shows 108 spiral galaxies formed between 5 billion and 12 billion years ago. 
These very early galaxies would have had to become spirals less than two billion years after 
the Big Bang, meaning that there would have been little time for mergers and collisions to 
be the cause. [source: Koberlein, The Early Universe Was Surpisingly Filled with Spiral 
Galaxies,” Universe Today, Dec 29, 2023] 


Stephan’s Quintet. Stephan's Quintet is a visual grouping of five galaxies of which 
four form the first compact galaxy group ever discovered. The group, visible in the 
constellation Pegasus, was discovered by in 1877 and is 290 million light-years away. The 
group is the most studied of all the compact galaxy groups. The brightest member of the 
visual grouping (and the only non-member of the true group) is NGC 1720. Shockwaves 
resulting from the collision between an intruder galaxy and Stephan’s Quintet hare helping 
scientists to understand how turbulence influences gas in the intergalactic medium. A sonic 


boom several times the size of the Milky Way galaxy has kickstarted a recycling plant for 
warm and cold molecular hydrogen gas. [source: Oliver, “ALMA and JWST Reveal Galactic 
Shock in Shaping Stephan’s Quintet in Mysterious Ways,” National Radio Astronomy 
Observatory, Jan 8, 2023] 


Super-Earth. A Super-Earth is an exoplanet with a mass higher than Earth’s, but much 
below those of the ice giants. They have also been called gas dwarfs or mini-Neptunes. 
They can be up to 10 times the mass of Earth. Most super-Earths orbit cool dwarf stars, 
which are lower in mass and live much longer than the Sun. There are hundreds of cool 
dwarf stars for every star like the Sun, Super-Earths orbit 40% of cool dwarfs that 
astronomers have looked at. Scientis have estimated over 10 billion super-Earths in 
habitable zones where liquid water can ixist in the Milky Way. [source: Impey, “Super- 
Earths are bigger, more common and more habitable than Earth itself,” The Conversation, Sep 
19, 2022] 


Superstring Theory. Superstring theory is an attempt to explain all of 

the particles and fundamental forces of nature in one theory by modeling them as 
vibrations of tiny supersymmetric strings. The theory states that Minuscule strands of 
energy vibrating in a higher dimensional space-time create every particle and force in the 
universe. 


Tabby’s Star. Tabby’s Star, also known as Boyajian’s star, is one of the oddest stars in 
our Milky Way Galaxy. It has unusual light fluctuations for a star, including up to a 22% 
dimming in brightness. The discovery was made in 2015 by citizen scientists as part of the 
Planet Hunter project, using data collected by the Kepler space telescope. No hypothesis to 
date can fully explain all aspects of the light luminosity curve of this star. The names of the 
star refer to American astronomer Tabetha Boyajian (1980- ) who was the lead author of 
the paper which investigated the highly unusual light curve. She called it the WTF Star 
(“Where’s the Flux?”) after the title of her paper. The star’s changes in brightness are 
consistent with many small masses orbiting the star in tight formation. The first major dip 
in 2011 showed a reduction of the star’s brightness by 15%. In 2013, the reduction in 
brightness was 22%. By contrast, a planet the size of Jupiter would only reduce the 
brightness of the star by 1%. One hypothesis that was quickly ruled out was that this was 
the work of alien mega structures. The latest theory is that the dimming may have been 
produced by fragments resulting from the disruption of an orphaned exomoon. [source: 
Young, “What’s Going On with Tabby’s Star? It’s Complicated,” Sky & Telescope, June 6, 
2018] 


Tadpole Galaxy. The Tadpole Galaxy is a disrupted barred spiral galaxy located 420 
million light-years from Earth in the northern constellation Draco. Its most dramatic 
feature is a trail of stars about 280,000 light-years long. Its size has been attributed to 

a merger with a smaller galaxy that is believed to have occurred about 100 million years 
ago. The galaxy is filled with bright blue star clusters triggered by the merger, some 
containing as many as one million stars. It is the largest disrupted spiral galaxy of its sort. 


Taffy Galaxies. The Taffy system is a pair of galaxies that contains the interacting 
galaxies UGC 12914 and UGC 12915. These two galaxies are located in the constellation of 
Pegasus about 180 million light-years away. The collision of these two galaxies began 25 
million years ago. The two galaxies are connected by a bridge of gas and stars that is 
highly turbulent in nature. The bridge was formed due to the jets of the black holes of the 
two galaxies. The correlation of jets from two galaxies is a unique event. [source: Lea, 
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“Colliding Taffy Galaxies create a sweet ‘cosmic butterfly’,” space.com, April 1, 2023] 


Thorne-Zytkow Object. A Thorne—Zytkow object (TZO), also known as a hybrid 
star, is a conjectured type of star wherein a red giant or red supergiant contains a neutron 
star at its core, formed from the collision of the giant with the neutron star. In 2014, it was 
discovered that the star HV 2112, located in the Small Magellanic Cloud (SMC), was a 
strong candidate. It had excess amounts of lithium, calcium, and other elements similar to 
the unique reactions that would occur inside a TZO. 


Titan. Titan is the largest moon of Saturn. It is the only moon known to have a dense 
atmosphere. Titan is 50% larger (in diameter) than Earth’s moon, and 80% more massive. 
It is larger than Mercury. It is the second largest moon in the Solar system, next to 
Jupiter’s Ganymede. It is so cold that seas and lakes of liquid methane and ethane form on 
its surface. Underneath its rock-hard water ice crust, Titan has an ocean of liquid water 
that could potentially host life. [source: Tognetti, “Subsurface ocean tides on Saturn’s moon 
Titan are influenced by its icy crust,” Space.com, Feb 22, 2023] 


TOI-700. TOI-700 is a red dwarf 101.4 light years away, located in the Dorado 
constellation. It hosts TOI-700d, the first Earth-sized exoplanet in the habitable zone. It is 
one of over 5,000 known exoplanets discovered so far since 1995. TOI-700 has two Earth- 
sized planets (TOI-700d and TOI-700e) found in the habitable zone. [source: Rodriguez, 
“Two potentially habitable planets found orbiting distant star,” astronomy.com, March 8, 2023] 


TOI-3757b. TOI-3757b is the fluffiest (lowest density) planet ever. This gas giant could 
float in a large enough bathtub. It has the density of a marshmallow. It orbits around a 
cool red dwarf that is 580 light-years away. It was discovered in 2022. The planet is 
slightly larger than Jupiter. [source: Smith, “Astronomers discover ‘fluffiest planet ever’ with 
the density of a marshmallow.” Independent (UK), Oct 21, 2022] 


TOI-4600. TOI-4600 is a nearby star that is 815 light-years from Earth. The star hosts 
an inner planet with an orbit of 82 days. A second outer planet circles every 482 days. 
This exoplanet has the longest orbit yet detected. The inner planet has a temperature of 
170 degrees F, while the outer planet is one of the coldest, at -117 degrees F. [source: Chu, 
“Newly discovered planet has longest orbit yet detected by the TESS mission,” MIT News, Aug 
30, 2023] 


TOI-4603b. TOI-4603b is an exoplanet 730 light-years away. It is the size of Jupiter, 
but with the density greater than lead. It has a mass of nearly 13 Jupiters. It orbits its star 


every 7.25 days. It is the most massive and densest giant planet known to date. [source: 
Starr, “Jupiter-Sized ‘Cannonball’ Planet Discovered With a Density Greater Than Lead,” Space 
Alert, Mar 29, 2023] 


TOI-5205. TOI-5205 is a low-mass red dwarf star that has a large gas giant planet 
orbiting it. The planet, TOI-5205b, should not exist and is considered a ‘forbidden planet.’ 
The star is about 4 times larger than Jupiter, yet it has somehow managed to form a 
Jupiter-sized planet. When the planet crosses in front of its star, it blocks 7 percent of its 
light — one of the largest known exoplanet transits. [source: Carnegie Institution for Science, 
Feb 23, 2023] 


TRAPPIST. TRAPPIST-1 is an ultra-cool red dwarf star in the constellation Aquarius. 
It has seven known planets. The sun’s mass is 9% of our Sun, with a diameter slightly 
larger than Jupiter. The star is 40.7 light-years away and is about 7.6 billion years old. 

The star was discovered in 1999. The biggest planet orbiting TRAPPIST-1 does not appear 
to have an atmosphere. This is a hot, rocky planet that is tidally locked to its sun.. [source: 
Perkins, “The biggest planet orbiting TRAPPIST-1 does not appear to have an atmosphere,” 
ScienceNews, March 27, 2023] 


Triangulum Galaxy. The Triangulum spiral galaxy (M33 or NGC 598) is 2.73 million 
light-years away. It is the third-largest member of the Local Group of galaxies, behind the 
Andromoda Galaxy and the Milky Way. Using the James Webb Space Telescope (JWST), 
astronomers have spotted babe stellar objects in the Triangulum galaxy. That’s millions of 
light years more distant than any previous observations of newly forming stars have 
reached. [source: Phys.org, Sec 29,2023] 


Triton. Triton is the largest moon of Neptune. It is the only large moon in the Solar 
system with a retrograde orbit, and orbit in the direction opposite to its planet’s rotation. 
It may have been a dwarf planet, captured by Neptune from the Kuiper belt. Triton has a 
very thin atmosphere with active eruptions on the surface. 


Tunguska event. The Tunguska event was a large explosion in Siberia in 1908, 
thought to have been caused by an air burst of a meteoroid or asteroid or comet. The 
explosion flattened 80 million trees over 830 square miles. Reports indicated that 3 people 
died in the event. It is classified as an impact event, even though no impact crater has ever 
been found. A scientific expedition into the area did not occur until 1921. Another 
expedition took place in 1927. Locals were reluctant to help scientists in the expeditions, 
believing that the blast was a visitation by their god, who had cursed the area by smashing 
trees and animals. The Tunguska event is the largest impact event on Earth in recorded 
history. [source: “Tunguska explosion,” EarthSky, June 30, 2019] 


UHZ1. UHZ1 is a background galaxy containing the oldest known and most distant X- 
ray quasar. It is a “red shift” X-ray quasar that is 13.72 billion light-years away. This 
quasar is a luminous, supermassive black hole. [source: Shelton, “Yale astronomer leads the 
way to the oldest knownX-ray quasar,” YaleNews, Nov 6, 2023] 


Ultra Diffuse Galaxy. An ultra diffuse galaxy (UDG) is an extremely low 

luminosity galaxy. Their lack of luminosity is due to the lack of star-forming gas, which 
results in these galaxies being reservoirs of very old stellar populations. Based on 
discoveries confirmed in 2018, this class of galaxies includes both extremes of dark 

matter content. Some UDGs consist almost entirely of dark matter, while other UDGs 
appear to be almost entirely free of dark matter. DGSAT 1 is a UDG as big as our Milky 
Way galaxy, but its stars are spread out so thinly that it is nearly invisible. Most UDCs are 
found in clusters. DGSAT is sitting all alone and is considered a living fossil. Only two 
UDGs have been found in the Local Group, a small cluster that has 60 known galaxies, 
including the Milky Way and Andromeda. Scientists believe that understanding the total 
number of UDGs in the Local Group is crucial to our understanding of the cosmos. 

[source: Leibniz Institut for Astrophysik, “Researchers predict a large population of ultra-diffuse 
local galaxies,” phys.org, March 31, 2023] 


Uitraluminous X-ray source. An ultraluminous X-ray source (ULX) is an 
astronomical source of X-rays that is less luminous than an active galactic nucleus (AGN) 
but is more consistently luminous than any other known stellar process. They exude about 
10 million times more energy than the Sun. They were first discovered in the 1980s. ULX 
M82 X-2, a neutron star, is much brighter than expected. It was discovred in 2014. It 
defies the Eddington limit, which determines how bright something of a given size can be. 
M82 X2 consumes around 1.5 Earths’ worth of material each year, siphoning it off of a 
neighboring star. M82 X-2 should explode, but the intense magnetic field of the neutron 
star changes the shape of atoms, allowing the star to stick together even as it gets brighter 
and brighter. [source: Lewis, “Bizarre object 10 million times brighter than the sun defies 
physics,” Yahoo Live Science, Apr 11, 2023] 


Universe. The universe is at least 93 billion light years in diameter. This number refers 
to the observable universe, and it extends about 46.5 billion light-years in every direction 
from us. The diameter of a typical galaxy is 30,000 light years. The Milky Way galaxy is 
180,000 light years in diameter. The typical distance between two neighboring galaxies is 3 
million light years. The nearest sister galaxy to the Milky Way is the Andromeda Galaxy, 
located 2.5 million light-years away. The universe itself is only 13.8 billion years old and 
space itself is expanding over time. [source: Eicher, “How large is the universe?” Astronomy, 
Dec 25, 2023] 


Uranus. Uranus is an odd planet. It is the only one in our Solar System that is tilted on 
its side for reasons scientists have not figured out. Its north and south poles lie where most 
planets have their equators. Its rotation axis is oriented 98 degrees relative to its orbit, 
whirling around in a clockwise direction. Was it hit by another planet that caused a titanic 
collision? A new hypothesis was that Uranus had a ring system large enough to cause it to 
wobble on its axis like a spinning top. In April 2017, astronomers found hydrogen sulfide 
in its clouds. The planet smells like rotten eggs. Uranus was the first planet found with the 
aid of a telescope in 1781. It was originally thought to be a comet or star. It took two years 
to decide that it was a new planet. This discoverer, William Herschel, wanted to name it 
GeorgiumSidus, after King George III. Astronomer Johann Bode suggested that it be 


name after the Greek god of the sky, Uranus. Uranus has the coldest planetary 
atmosphere at -371 Fahrenheit (-224 Celsius or 49 Kelvin). The wind speeds of the clouds 
can reach up to 560 miles per hour. It has 27 known moons. [source: Starr, “There’s a New 
Hypothesis For How Uranus Ended Up Tipped on its Side,” Science Alert, Mar 13, 2020] 


Ursae Majoris. 47 Ursae Majoris (Chalawan) is a yello dwarf star 46 light-years away 
in the constellation Ursa Major (Big Dipper). It has three extrasolar planets. It has a 
luminosity 60% greater than the Sun. It has a similar mass to the Sun, but slightly hotter. 
It could be over 8 bllion years old. Planet 47 UMa b was the first discovery of a long-period 
extrasolar planet discovered. A second planet was discovered in 2001. Bothe planets are in 
near circular orbit around its sun. A third planet is closer to its sun and may be in the 
habitable zone with a stable orbit. [source: Sukheja, “Astronomers Discovered First Solar 
System Outside Our Own in 2001,” Republic World, Aug 15, 2020] 


UY Scuti. The red hyper giant pulsing variable star UY Scuti is the largest star known. 
It is located in the constellation Scutum (the shield) in the southern sky. It has a radius 
about 1,700 times larger than the Sun (650 million miles in diameter) and about 10 times 
heavier. It is 340,000 times more luminous than the Sun. It about 5,100 light-years away 
and is expected to end its life as a supernova. The pulsation of the star has a period of 
about 740 days. It was first discovered and cataloged in 1860 by German astronomers at 
the Bonn Observatory. A hypothetical object traveling at the speed of light would take 14.5 
seconds to orbit the Sun once. It would take that same object about 7 hours to orbit UY 
Scuti. [source: “UY Scuti Facts,” nineplanets.org, Mar 6, 2020] 


Valles Marineris. The Martian canyons known as Valles Marineris are over 2,500 
miles long, 120 miles wide, and 23,000 feet deep. It is more than 10 times as long as the 
Grand Canyon. It was named after the Mariner 9 Mars orbiter of 1971-72, which 
discovered it. It is the largest canyon system in our solar system. It has two trenches or 
chasms, called chasmata. The first is lus Chasma that is 522 miles long. The second is 
Tithonium Chasma that is 500 miles long. The lack of active plate tectonics on Mars makes 
it tough to figure out how the canyon formed. [source: Anderson, “See Mars’ Grand Canyon 
in stunning new photos,” EarthSky, July 28, 2022] 


Van Allen Belt. The Van Allen radiation belt is a zone of energetic charged particles, 
mostly from the solar wind and some from cosmic rays. The particles are captured and 
held by the magnetosphere. Earth has two such belts and sometimes others may be 
temporarily created. The inner belt is from 400 to 7,500 miles above the Earth. The outer 
belt extends 36,000 miles above the Earth. The inner belt results from interactions of 
cosmic rays with Earth’s atmosphere. The outer belt is made up of billions of high-energy 
particles from the Sun. The inner edge of the outer belt has a very sharp transition which 
highly relativistic electrons cannot penetrate. The reason for this shield-like behavior is not 
well understood. [source: “What are the Van Allen Belts and why do they matter?,” 
science.nasa. gov] 


Vela Supercluster. The Vela Supercluster is a massive galactic supercluster. It is 870 
million light-years away and within the vicinity of the Zone of Avoidance, centered on the 
constellation Vela. It is one of the largest structures found in the universe. It is about 1,000 
times the mass of the Milky Way. It is one of 10 million superclusters of galaxies in the 
universe. About 29 initial clusters have been identified in it. It was discovered in 2016. It 
had gone unnoticed due to the location behind the plane of the Milky Wa galaxy, where 
dust and stars obscure background galaxies. [source: Byrd, “A new major supercluster of 
galaxies,” EarthSky, Nov 21, 2016] 


Venus. Venus spins on its axis clockwise, making it the only planet in the Solar System 
that spins in retrograde. There are more volcanoes on Venus than any other planet. 
Astronomers have discovered 85.000 volcanoes on Venus so far. Scientists think that most 
of these volcanoes are dormant. In March 2023, scientists announced they found the first 
direct evidence of active volcanoes on Venus. The Magellan orbiter data caught a change 
in the shape and depth of an active caldera. A day on Venus lasts 343 Earth days, while a 
year on Venus is shorter, at just 225 days. This means that a year on Venus is shorter than 
aday. Venus only rotates at 4 mph, compared that to Earth’s 1,040 mph. The 
temperature on Venus can reach 870 degrees Fahrenheit due to an extreme greenhouse 
effect and the atmosphere being made up of mostly carbon dioxide. The air pressure on 
Venus is 90 times higher that the pressure at sea level on Earth, That’s equivalent to about 
half a mile under the ocean. Winds can reach 450 miles an hour on Venus. The Venusian 
winds are faster than the strongest tornadoes on Earth. The upper winds flow 50 times 
faster than the planet’s rotation. [source: EarthSky editors, “Active volcanoes on Venus found 
in Magellan data,” EarthSky, March 15, 2023[ 


Vesta. Vesta is the second largest object, after Ceres, in the asteroid belt. It has a 
diameter of 326 miles. It is the brightest asteroid visible from Earth. Its south ploe has a 
hole in it. Vesta has been long suspected to be the source of numerous meteorites that have 
hit the Earth. Vesta has been more extensively sampled on Earth in terms of meteorites 
collected than any other extraterrestrial body. Over 3,000 pounds of meteorites found on 
Earth came from Vesta. [source: Krause, “How two ‘star-like points of light’ became 
geological worlds,” Oakridger.com, April 4, 2023] 


Virgo Cluster. The Virgo Cluster is a large cluster of galaxies in the constellation Virgo. 
It has about 2,000 member galaxies. Molecular gasses in the Virgo Cluster has been swept 
away by a huge cosmic broom that is preventing nearby galaxies from birthing new stars. 
The actual cause of it has been a mystery. Some of the galaxies in the Virgo Cluster are 
moving so rapidly that they are losing a significant amount of gas. This orphaned gas can 
get compressed as it is blown back and moves behind its parent galaxy, and form stars as it 
does so. These stars will fly away, becoming isolated stars in the Virgo Clster between the 
galaxies. [source: Plait, “Blue Blobs Turn Out to be Orphan Star Clusters Mae of Gas Cast-Off 
From Galaxies,” syfy.com, July 22, 2022] 


Void. Cosmic voids (also known as dark space) are vast spaces between filaments which 
contain very little or no galaxies. Voids can have a diameter of 300 million light-years. The 


voids make up the vast majority of the volume of the universe, despite hosting almost none 
of the matter. Dark energy could be casued by pressure from giant voids. [source: Sutter, 
“Giant voids of nothingness may be flinging the universe apart,” Live Science, Aug 12, 2022] 


Voyager. The Voyager program sent two robotic probes into interstellar space. In 1977, 
Voyager 1 and Voyager 2 were launched. As of 2023, they are still in operation. Voyager 1 
is moving at 38,019 mph and is 14.8 billion miles away from Earth. Voyager entered 
interstellar space in 2012. Voyager 2 is moving at 34,384 mph and is 12.4 billion miles 
away from Earth. Voyager 2 entered interstellar space in 2018. For a few months each 
year, the distances between the Voyager spacecraft and Earth decrease. That’s because 
Earth in its orbit moves toward the spacecraft faster than they’re moving away. Earth’s 
motion around the sun is faster than the motion of the Voyager spacecraft. Earth moves 
through space at a speed of 67,000 mph, faster than the Voyager spacecraft are moving. 
[source: Whitt, “Why are the Voyager spacecraft getting close to Earth?,” EarthSky, March 23, 
2023] 


VT 1137-0337. VT 1137-0337 is a new pulsar wind nebula between 14 and 80 years old. 
It is the youngest pulsar ever discovered and lies in a dwarf galaxy (SDSS J113706, 18- 
033737.1) 395 million light-years away. This may be the most powerful pulsar to date in a 
distant galaxy. [source: Buongiorno,“This powerful pulsar is so young it might still be a 
teenage,” Astronomy, June 15, 2022] 


WASP-17b. WASP-17b is an axoplanet in the constellation Scorpius, discovered in 2009. 
Using the James Webb Space Telescope, astronomers detected evidence for quartz 
nanocrystals in the high-altitude clouds of WASP-17b. This hot Jupiter exoplanet is 1,300 
light-years from Earth. The detection marks the first time that silica (SiO2) particles have 
been spotted in an exoplanet atmosphere. [source: “Webb detects quartz crystals in clouds of 
hot gas giant,” Cornell Chronicle, Oct 16, 2023] 


WASP-39b. WASP-39b (Bocaprins) is a hot Jupiter extrasolar planet 700 light-years 
away, notable for containing a substantial amount of water in its atmosphere. It is located 
in the constellation Virgo. The planet is only 4.3 million miles away from its star. Its 
molecules in the atmosphere include sodium, potassium, water, carbon dioxide, carbon 
monoxide, and the mystery molecule, sulfur dioxide. It is the first evidence of 
photochemistry on an exoplanet. It orbits its host star (Malmok) every 4 days. [source: 
Houser, “Astronomers detect ‘mystery molecule’ in exoplanet’s atmosphere,” freethink.com, 
Nov 29, 2022] 


Whirlpool Galaxy. The Whirlpool Galaxy (M31 or NGC 5194) is a spiral galaxy 31 
million light-years away in the constellation Canes Venatici. It has a diameter of 76,900 
light-years. It was the first galaxy to be classified as a spiral galaxy. Its pair with NGC 
5194 is among the most famous and relatively close interacting systems, and thus a favorite 
subject of galaxy interaction models. The galaxy’s arms are long lanes of stars and gas 
studded with dust. These arms are star-formation factories, compressing hydrogen gas and 


forming new star clusters. [source: “Hubble captures massive star cluster in spiral Whirlpool 
Galaxy,” India Today, May 25, 2022] 


White Dwarf. A white dwarf is a stellar core remnant composed mostly of electron- 
degenerative matter. White dwarfs are far denser than any substance on Earth. A white 
dwarf is the size of the Earth, but with the mass of the Sun. No fusion takes place in a 
white dwarf. The maximum mass that a star can end its life with and still become a white 
dwarf is 1.4 solar masses. This is called the Chandrasekhar limit. More than 90% of the 
stars in the Milky Way galaxy will become white dwarfs. The fastest spinning white dwarf 
completes a full rotation in 25 seconds. The white dwarf is in the binary star system 
LAMOST J024048.51, which is 2.015 light-years away. The star is Earth’s size but over 
230,000 times more massive. [source: Choi, “Spinning Propeller Star Slingshots Plasma at 7 
Million MPH,” Inside Science, Nov 24, 2021] 


WISE 0855-0714. This is a sub-brown dwarf (not quite a planet and not quite a star) 
7.4 light-years away. It is the coldest (-55 degrees F) known object outside of our Solar 
system and is just barely visible at infrared wavelengths. Its atmosphere is full of clouds of 
water vapor. This was the first time water clouds have been detected outside our Solar 
System. Its mass is 3 to 10 Jupiter masses. [source: Atkinson, “First Detection of Water 
Clouds Outside Our Solar System,” universetoday.com, July 7, 2016] 


Wolf-Rayet Star. Wolf-Rayet (WR) stars are a rare set of stars with unusual spectra of 
ionized helium, nitrogen, and carbon. The spectra indicate very high surface 
enhancements of heavy elements. They are among the most luminous, most massive, and 
most briefly detectable stars known. Some evidence shows that WR stars could be 
responsible for the abundance of dust, partly through interactions with binary companions. 
[source: Gough, “Prelude to a Supernova: The James Webb Captures a Rare Wolf-Rayet Star,” 
Universe Today, March 15, 2023] Wolf-Rayets are believed to be the final stage in the lives 
of the most massive stars. These stars are 20 to 200 times the mass of the sun. They are 30 
times hotter than the sun. Their radiation fields can outshine the sun by fators of more 
than a million. [source: Tuthill, “Rare ‘Pinwheel’ Stars are a Beautiful Astronomical Puzzle,” 
Scientific American, Sep 1, 2023] 


YZ Ceti b. YZ Ceti b is a rocky exoplanet that orbits a red dwarf star 12 light-years 
away. The star and its four planets are in the constellation Cetus. The star is classified as a 
flare star that undergoes intermittent fluctuations in luminosity. A magnetic field was 
detected from YZ Ceti b. This is the first possible detection of a magnetic field on a planet 
beyond the solar system. YZ Ceti b is not in the habitable zone. It is too close to its star. 
The planet’s magnetic field pushed its plasma back toward the star, which then interacts 
with the star’s own magnetic filed, emitting bright flashed of energy. [source: Lewis, 
“Strange radio signals detected from Earth-like planet could be a magnetic field necessary for 
life,” Live Science, Apr 3, 2023] 


Zombie Star. A zombie star is a hypothetical result of a supernova which leaves behind 
a remnant star, rather than completely dispersing the stellar mass. After astronomers 


looked at Supernova SN 2012Z in the NGC 1309 galaxy, they discovered that a star 
survived the explosion. Not only did it survive, but the new star was even brighter than it 
had been before. The white dwarf exploded as a supernova, with the former helium core 
left behind as a remnant zobie star. [source: Seale and Tasoff, “The Star That Survived a 
Supernova,” UC Santa Barbara, June 23, 2022] 


Zone of Avoidance. The Zone of Avoidance (ZoA) is the are of the sky that is 
obscured by the Milky Way galaxy. When viewing space from Earth, the interstellar dust 
and stars in the plane of the Milky Way (the galactic plan) obstruct the view of around 
20% of the extragalactic sky at visible wavelengths. Recently, astronomers have been able 
to determine the existence of a galaxy cluster behind the ZoA. There could be as many as 
58 galaxies in the structure. [source: Carpineti, “Hidden Structure Discovered Behind the 
Milky Way’s ‘Zone of Avoidance’”, JFL Science, Nov 9, 2022] 
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